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FOREWORD

This work presents cloud statistics derived from individual weather observa-

-tions collected by meteorologists on board Ocean Station Weather ships from North

Atlantic and Pacific locations and from passenger ships at various locations. The

data was collected durinq the time period January 1965 to December 1971 and was

broken down into four three-month seasons. The~matrix methods developed by

Ivar Lund, AFGL, were used to calculate Cloud-Free Line of Sight probabilities up

to three kilometer altitudes (lower clouds). Included in this report are statis-

tics on cloud base heights, cloud covers and cloud types. Mr. Tom Fredian of the

Naval Oceanographic Comman.i, NS.TL Station, Mississippi supplied photographs of the

low cloud types found in this publication.

This study .was funded by the U.S. Navy's Electro-optical Meteorology Program

at the Naval O(:ean Systems Center (Code 532) under program element 627E.9N,

Task Z159-55i-002.
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CHAPTER I

INTRODUCTION

The operation of systems based on the propagation of visible and/or infrared
electromagnetic signals through the atmosphere ca.n be severely restricted by clouds
interposed in the line of sight (LOS). Even for the preliminary de.signs of atmos-
pheric optical systems it becomes necessary to obtain estimates of the probabili-
ties of cloud-free lines of sight (PCFLOS) at the potential sites of operation in.
order to take account of the impact of this aspect of atmospheric phenomena in
their performance.

It is the main objective of this report to supply such first rough estimates
for a discrete set of surface-to-air LOS up to a height of the order of 2500 m at
fifteen marine locations.

The identification code for these locations and their coordinates are given
in Figure 1-1 and Table 1-1.

We proceed next to highlight the content! of this report.

Weather information on clouds needed for the calculations or relevant to the
problem is discussed in Chapter 2 on "Statistics -for Clouds Reiow 2500 Meters,"
which includes the data for station M as an example. Our statti-z'ical weather data
for all locations is reproduced in Appendix A..-

Chapter 3 deals with the "Method- for the Determination (if PCFLOS (A., H ) and
Slant Range," that is, tqe probability of clou.d-f ee LOS at'an elevetioh anile
A. (A. 1= , 20 , ... 90 ) up to a height H. 25. 75, 150, 250, 450, 800, 1250,

)50,12P250 meters) and the corresponding slaA*t ranges for tar~get sighting. Our
procedure, which makes use of the universal method of Lund and Shanklin (see
bibliography) is fully discussed in this chapter.

Appendices B and.C supply, respectively, an intermediate step and the final
results of the calculaticn of'PCFLOS (A., H.), for winter, spring, and fall for
each location. They-are explained in Cdaptir4 where station M has been singled
out again as an example by having its data and results listed anra plotted in
various ways.

In order' to provide a quick visual compar'ison among various locations, we
produced also plots for stations. 1, 9, and J, aIthough, not as many as for M.
These plots and a duplication of the corresponding ones of M constitute Appendix D.

....
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Finally, we summarize the results on the statistics of clouds below 2500meters, PCFLOS (Ai, H.) and slant range and inciude some relevant comments about
them in Chapter 5.

,i-2
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TABLE 1-1 SURFACE STATIONS+

ALPHA.NUMERIC LOCATION.
IDENTIFICATION DESIGNATION LAT. LONG.

1 2 33N 34E
2 36N OE
9-10 9 17N 107E

A ' 62N 33W
B B 56N 51W
C C 52N 35W
D 0 44N 41W
H H 48N 36W

I I* 60N 19W
J J*53N 19W

K K 45N 16W
M M 66N 2E

N N 30N 140W
P P 50N 145W
T T 29N 135E

V V 31N 164E

HOURLY OBSERVATIONS

+(SEE FIGURE 1-1)

1-4
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CHAPTER 2

STATISTICS FOR CLOUDS BELOW 25.00 METERS

Records of weather observations for the marine locations studied in this
report were supplied by the National Climatic Center, Asheville, North Carolina.
They were performed every three (at some locations six) hours and cover the period
from 1965 to 1971 or 1972 for all stations except station H which covers the period
from 1970 to 1978.

The observations were separated in four seasons. Spring contains, all of
March, April, and May; summer--June, July, and August; fall--September, October,.
and November; winter-'-December, January, and Februar". Fall data, which was found
to be similar to spring's, was not included in this study. The actual numbers oC.
observations for each location and season appear in Table 2-1.

The data was accumulated at the fifteen northern hemisphere locations shown
in Figure 1-1, with alphanumeric designations, latitude and longitude given i n
Table 1-1. Observations made in some areas were combined and are reported as
belonging to single locations. Thus, data from stations 1 and 2, for example,
both located in the Mediterranean Sea were combined and are presented here as
of location 1. Likewise Southeast Asia data from 9 and 10 are given as of 9.

Specifically, the records supplied by the National Climatic Center include:

a. lowest cloud base height
b. low cloud amount
c. low cloud type, CL

d. middle cloud type, CM

e. high cloud type, CH

f. total cloud cover

L.ower cloud heights are given by indicating in which height cell the clouds
were observed. Table 2-2 lists the ten WMO height cells with their code numbers,
heights, and midrange points. For the last cell we have chosen 3000'eters as
the midrange point for the LOS estimates.

,n this report the midrange heights. H are used to identify the base height
cells.

Tables 2-3, 2-4A, and 2-40 give the WMO code and definitions and photographic
illustrations for lower and total cloud cover (amount) and for low cloud types (CL),
Noti.ce that 'the lowest cloud base in our observation is not always due to what is
defined in Tables 2-4A and 2-4B as a low cloud type: if none df these is present

2-1
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.in a particular instance, the lowest cloud base would be that of a middle or high
cloud type.

The coded records of the marine observations supplied by the National Climatic
Center have teen interpreted according to the 1960 WMO Code 160. and used tc obtain
the lower cloud base height and low cloud statistics. AppersdiA A consists eitirely
of tables of lower cloud base and low cloud statistics for- ,,tinter, srcring, ana
summer for all fiftecn locaticns. The top tabie of each page gives tVe elements of
the transposed of the local lower cloud base matrix L.(C., H.) multiplied by 100.
The eeents of L (C., 11) dre the relative freq.;ancis corrisponding to the two
di,•.nsional cell -enlted by (Ci, W, where C. is che lower cloud cover and Hi the
midrange height of the itr cell. We take these frequenies as probabil;i.ties.

The right hand coltaim of tne top tables is the ma ginal frequency corresponC-
ing to base hei3nt. it is obtained by adding the elements on the same row and is
denoted here oy

9
•iH) • L(Ci, H) (2-1)

i~l

Similarly the marginal frequencies for cloud cover- appear on the li-a labeled
"All lower clouds (percent)."

The tables on the lower half of each page deal itith the statistics for l'ow
Scloud type for the same height cells and should be interpreted according to Tables

2-4A and 2-4B. We have made a simall .modification to the low cloud classification
such that all the'frequency entries for the 0-50 meter base height have been
transferred to a new category labeled "Fog.,"

The low cloud type tables Were-not used explicitly in the LOS calculaticns.
For the purpose of illust-ation, we reproduce in, this chapterthe cloud tables f, r
station M as'Tables ?-5A a- B through Tables 2-7A and B.

Four locations,. ,, 9, J, and M, have their lower cloud base frequencies
plotted for three seasons in Figures DI, D0, 011, and 016 of Appendix D.

The reader should recall that the sharp incre~ses in frequency often found
for 3000 meters in the lower cloud base st3tisti'cs includes observations of no
clouds and of all clouds above 2500 meters and that, in general, it would not
correspond to actual clouds being present at or near that height but to the inte.
grated value over a very extensive cell.

-2.
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TABLE 2-1

NUMBER OF OBSERVAHIONS PER SEASnN AND LOCATION

Location Laitude Longitude Winter Spring' Summer

9/10 17%• 107E 4245 410' 3673

T 29N 135F 1454 20.33 4.66

N 3ON 140W 3348 ,3394 3392

V 31X 164E 2400 2722 2839

1/2 33N 34E 618 707 740
136N OE

U 44S 41W 2299 2444 2607

K 45N 16W 1731 1777 1713

H 4&&N 38W 3521 1931 1979

P 50N 145W 2496 2163 2514

C 533 35W 2414 2625 2739

J 5N 19W 2097 2191 2214

B 56% 51W 2652 2646 2790

I 604 19W 1976 2194 2248

A 623 33W 2032 2156 2091

M 66'•I .2E 246.3 2495 2562

.I

I

. . .
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TABLE 2-2 CELLS FOR flkCORDING LOWER CLOUD BASE HEIGHT AND THEIR CODE INDENTIFICATION

WMO CODE 1300 HEIGHT IN MID-RANGE HEIGHT H
FIG',"RE METERS METEIRS

0 0- 49 25
1 50- 99 75
2 100- 199 150
3 200- 299 250
4 300- 599 450,
5 60C 999 800
6 1,000- 1,499 1250

7 1,500- 1,999 1750
8 2,000- 2.499 2250
9 2500 or high., 3000

or no clouds or higher

"FROM SURFACE' MARINE OBSERVATIONS. TAPE DECK TOF-11"

2-4
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TABLE 2-3

CODE FOR CLOUD COVER

TOTAL CLOUD AMOUNT (N) Fraction of celestial dome covered by all clouds.

LOWER CLOUD AMOUNT (Nh) Fraction of celestial dome covered 5y all the. C L

clouds and, if no CL cloud is present, that fraction

covered by all the CM clouds present.

0 = Clear
1 = 1 Okta or less, but not zero

2-8 = 2-8 Oktas

9 = Sky obscured or cloud amount cannot be estimated.

*from Surface Marine Observations Tape Deck TDF-1I

2-5
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TABLE 2-4A

CODE FOR LOW CLOUD TYPE (CL)* +

0 = No stratocumulus, stratus, cumulus or cumulonimbus.

I = Cimulus with little vertical extent and seemingly flattened, or ragged cumulus
other than of bad weather, or both.

2 = Cumulus of moderate or strong vertical, extent, generally with protuberances
in the form of domes or towers, either accompanied or not by other cumulus
or by stratocumulus, all having their base at the same level.

3 = Cumulonimbus the summits of which, at least pirtially, lack sharp outlines
but are neither clearly fibrous (cirriform) nur in the form of an'anvil;
cumulus, stratocumulus or stratus may also be present.

4 Stratocumulus formed by the spreading out of cumulus; cumlus may also be
present.

5 = Stratocumulus not resulting from the spreading out~of cumulus.

7 Stratis fractus of bad weather (generally existinq (uring precipitation and
a short time before and after) or cumulus fractus of bad weath'er, or both
(pannus), usually below altostratus or nimbostratus.

8 = Cumulus and stratocumulus other thanthat formed from the spreading out of
cumulus; the base of the cumulus is at a different level from that of the
stratocumulus.

9 - Cumulonimbus, the upper part of which is clearly fibmus (rirriform), often
in the form of an anvil; eithe'r acconmanied or not by cumulonimbus without
anvil or vibrous upper part by cumulus, stratocumulus, stratus or pannus.

+ . from Surface Marine Observations Tape Deck TDF-11
*Fog All clouds in the 0-50 meter base height cell

2-6
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MENCL 1: Cumulus with little vertical
Sextent'and seemingly flattened, or

r aoqed Cumulus tFracrtus other than of
bad weather. or both.

9.

CL 2: Cumulus of moderate or strong
v~ertical extent or Tow~ering Cumulus,
g~enerally with protuberances in the
form of domes or towers, possibly ac--
comnpanied by other Cumulus or by
Stratocumulus, all having their baees
at the same level. Cumulus of great
vertical extent somet5,-ee Drnduce
virqa andt showery precipktation.

CL 3: Cumulonimbus the summits of
which, at least partially, lack sharp
outlines, but are neither clearlyV
f'ibrovis (cirriform) nor in the form ofan anvi~l; Cumulus, Stratodumulus or
St'stus'mav also be,'present.Tes
cloAds are often accompanied by thunder-
storms and-showery precipitation.

TABLE 2-48 CODE SPECIFICATIONS FOR CL CLOUDS., (FROM NAVAIR 50-10 (FM H-181)

2-7
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- ~ CL 4: Stratocumulus formed by the
~I~7"*'soreadinq out of Cumulus; Cumulus may

also be oresent.

~wjj

OMRWCL 5: Stratocumulus not resultinq
from the spreadiviq out of Cumulus.
This cloud is sometimes accompanied
by precipitation of a liatmt intensity
and a contiauous or intermittent

,, ~ ctksracter.

Cý6: Stratus in a more or less con-
tinuous sheet or layer, or in r~qqed
*shreds,, or both, but no Stratus Practus
of bad weather. Any precipitation from
this cloud is in the form of drizzle
or snow qraims.

TABLE 2-48 (CONTINUED)

2-8
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C1 7: Stratus Fractus of bad weather
or- Cumulus Fractus of bad weather, cr

V both (pannus), usually below Alto-
stratus or N~imbostratus. The term

"bad weather* denotes the conditions
which coenerally exist durinq precini-

CL 8: Cumulus and Stratneumuius other
~ '~- ~ than that formed from, the spreadina

out of Cumulus: the b~s of the Cumulus
is at a different level, from that of
the Stratocumulus.

eihe aCumuomnimbus ohe nperpat bCuuof

otniu winthe outofa anvilo iru uopr

"I W: Stratus or pannus..- These clouds are
often accompanied by thunderstorms and

2-9
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.CHAPTER 3

METHOD FOR THE DETERMINATION OF ESTIMATES FOR PCFLOS (Ai, H.) AND SLANT RANGES

The procedure used for the calculation of estimates of PCFLOS (A.., H.) in
terms of the elevation angle. and target height is based on the work oJ Lu~dand
Shanklin who proposed 'a unive sal method for the determination of cloud-free Alines
of sight in their 1973 Oaper.

In brief, Lund and Sharklin established statistically a relation between
P(C.), the probability of a cloud cover C., as determined by the:;usual visual
weainer observations practice2 and PCFLOS (A.) found by careful examination of
whole-sky photographs taken at weather observation time..

Before proceeding any further we must emphasize again the difference between
PCFLO3 (A.) of Lund'and Shanklin and PCFLOS (A., H that we wish to evaluate:

PCFLOS (A.) is the probability o- a cloud-free line of sight through all clouds
present alainst a deep sky background while PCFLOS (A, H ) is the probability
up to a height H. regardless of the background..

In our notation the Lund and Shanklin relation is expressed by

9

PCFLOS'(Ai) = E U(Ai, C.) P(C.) (3-1)

j=l

where Ai and C. are' the values of the elevation angle A and cloud cover C, P(C.)

the probability of C taking the value C. and the matrix elements U(Ai, Cj) the
probability of a' CFLOS at Ai and C.. . 1.3

Actually Lund and Shanklin determined a general matrix U for all clouds and
several others specialized for various sets of cloud types.. The general one,
which is the one that we apply, here, can be seen in Table 3-l' in this chapter.
It has nine cloud cover columns (rather than eleven) to match the available marine
low cloud data.

Ii

1Lund, I.A., and Shanklin,. M.D., 1973: "Universal Methods for Estimating Prob-
abilities of Cloud-Free Lines-of-Sight through the Atmosphere," J. Appl. Meteor.
12, 1222-1228..
"Surface Observations," Fed. Meteor. Handbook No. 1, First and Second eds., Dept.

"cf Commerce
"Surface Observations," NAVAIR 50-lD-l (FMH-lB) I Jan 1980, Dept. of the Navy

3-1
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We proposed the following expression for the'estimationof PCFLOS (Ai, H.),

PCFLOS (Ai, H.) U (Ai, C1 X

k=l

L (C, Hk)/ P (Hk)jJ P(Hk) 1 < i <_9, l <j <10 (3-2)

where L (Ci, Hk) are the matrix elements of the local lower cloud matrix of

Chapter 2.

One can arrive at this expression by arguing that

9

U (Ai, CL ) L (Cis Hk)/ P (Hge (Hk)

gives, for the base height cell at Hk' the probability of a CFLOS at Ai and Hk
where the k column of L/P is regarded as a distribution for cloud cover. Here
we have made the assumption that Lund and Shanklin's use of the universal matrix
U is applicable to individual base height cells. The complement to 1 is then the
probability for a'LOS to be obstructed by clouds due to the structure of the lower
clouds present at this height; and the product of this quantity with P(H ), defined
in Chapter 2 as the frequency (probability) for the presence of lower clhuds at Hk,
gives the probability of sighting' a cloud at H when the line of sight is clear

up to H . The sum over all the intervening height cells'can now be taken as the
probability of having sighted a cloud before or at this height. In turn its com-
plement to 1 is an estimate of the probability for a line of sight to reach Hk.

Equalion (3-2) involves matrices but it does not lend itself to be written
readily ir matrix form. For those who prefer a matric expression, we include it
in Table .-2 at the end of this chapter.

As a alternate expression for PCFLOS (Ai, H.) we can write

PCFLOS (Ai, Hj.) =1- 1l PINT (Ai, Hk)]' (3-3)
1k=1

with

INT (Ai, Hj) 1 - [ .U (A, C)

I (CL, Hk) P,(Hk) P (Hk) (3-4)

3-2
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This form shows explicitly the contribution of each base height cell as if
it were isolated.

Inserti.ng the values of the elevation angle A and the cloud base height H,
for which we have the values of PCFLOS (A., H.) in the following formula, we obtain
the corresponding value of the slaoit rang! SR,

SR =-R'sin A + HS (2R +HS) cos A +

Rsin A + H (2R +Hs ý) cos 2 + H2 H s2 + 2R (H H S) (3-5)

where
Hs is the sensor's height and

R = 6.36 106 m is the earth's radius.

Figure 3-1 illustrates the geometry involved in the problem and Figure 3-2 provides
a monograph for quick determination of slant ranges of less than 20 km neglecting
the sensor's height.

3-3
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%COSAT RANGE S•R 7 cie•

SLAN --- .,HORIZ LOS

(R.+04cZ (R.HS) 2 .+(SRI 2 -2(SR)(R+H,$) COS (A*81

8 - arc %on 1R/(R.I45 )Is

FIGURE 3-1 SLANT RANGE GEOMETRY.
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TABLE 3-2

MATRIX FORM OF EXPRESSION (3-2) FOR PCFLOS

PýFLOS UQ -[Q- u L M"]M TU

where

U is given in Tlble 3-1,

the transposed of L b; Table 2-5A for the winter season at station M and

the tables A of Appendix A for all locations,

Q(i., j) = l, 1 < i < 9, 1 < j < 10,

T l O othierwise 1 <' i 1< 0, 1 < j < 10

M (i, j) P (Hi) 5ij 1 . < 10, 1 4 10

Notice that

(Q M Tu) (i, j) P (Hk)

k=I

and that Q - QMTu in

PCFLOS- Q - QM1u + ULTu

is independent of the elevation angle At.

Similarly (3-3) and (3-4) become PCFLOS Q 'Q - PINT] Tu and

PINT Q - [Q- U L MI]M respectively.

3'-7
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CHAPTER 4

PCFLOS (Ai, H.) AND SLANT RANGE RESULTS

The lower cloud base data for the fifteen marine locations of Figure 1-1
(rable 1-1) that wa's discussed in Chapter 2 has been processed with the computer
algorithms of formulae

(3-3) for PINT (Ai, H.),
(3-.4) for PCFLOS (AiI H,

(3-1) for PCFLOS (Ai)

and collected in tables for winter, spring, and summer in
Appendix B, PINT (Ai, H.),

Appendix C, PCFLOS (Ai, H.) and PCFLOS (A.)

These tables are'arranged in the order given in Table 1-i: the PCLOS (Ai) table
being the last one in Appendix C.

Fo-ur locations, namely, 1',. 9, .J, and M, have been selected for more detailed
conisideration, and graphs have been plotted with the values calculated for the
lower cloud base statistics, and PCFLOS (A., H.). These graphs are found in
Appendix D. For each of the selected locationA we include in consecutive order:

a. Lower cloud base height statistics for tiinter, spring, and summer
b. PCFLOS (A., H.) for winter
c PCFLOS (Al, HJ) for spring
d. PCFLOS (Ai, H.) for summer
e. Combined grapJ~s for PCFLOS (Ai,.H.), lower cloud base heights (target

height) and slant ra.nge. .'

With the intention of simplifying the reader's task and of illustrating more
intuitively the results of our calcul-ations, we reproduce in this chapter the
tables and graphs corresponding to location M; and, in addition, we include, for
the same location, tables and graphs for slant range and one graph for lines of.
constant PCLOS (Ai, (SR).) as described below.

Injfigure 4-l.we have plotted the values of 'the lower cloud base frequencies
listed inTables 2-5A to 2-7A of Chapter 2.

Tables 4-1 to 4-3 give PINT (A., H.) for winter, spring, and-summer respec-
tively; and Tables 4-4' to 4-6 give kCFL&S (Ai, Hi) for the same sequence of
seasons.

The latter values are plotted in Figures .4-2 to 4-4. They show clearly the
influence of the region of higher cloud base frequencies on the probability of a

4-1
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cloud-free line of'sight. Figure 4-5 for the spring season is anomogram relating
slant range, tarqet height, and PCFLOS (Ai, H.).I

Ir, Tables 4-7 to 4-9 we list for each season the values of the slant range
(SR) (Ai, H.) for which we have data points (A , H.) and the corresponding prob-
ability PCF9OS (A., H.) at the same point. Thl slant ranges were calculated with
expression (3-5) 9eglictinn the sensor's height. We include also three figures,,

-4-6, 4-7, and 4-8, where we plot the values in these tables for five elevation
angles. The nunmers in parenthesis are the values of' PCFLOS (Ai) calculated with
(3-1) and listed in Table C-46.

Finally, we give for the winter season only Figure 4-9 which shows very rough
estimates, In polar coordinates, of lines of constant probability PCFLOS (A., (SR).)
br equivalently PCFLOS (A,, H.)). This graph was obtained by rouhding off . .
subjectively the curves pottdd for the winter results in Figure 4-7, interpolating
and replotting in polar coordinates for slant ranges of less than 18,000 feet.

We wish to remind the reader that the heights listed in the tables constitu-
ting Appendices A and. B and their reproductions in the text are the midrange values
given in Table 2-2: that the low-cloud statistics cover in detail up to 2500
meters and that the entry for 3000 meters is only a representative value for
heights over 2500 meters. In appendices C and D we use the values for the top
of the height cells up to 2C00 meters and 3500 For the top cell.

1Suggested by Captain W. L. Baoyer, U. S. Navy. Former Deputy' Commander, NSWC,
presently at ONR.

4-2
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PINT (A,H) TABLE 4-1 SPRING LOCATION M
CONTRIBUTION TO PCFLOS (A. H) DUE TO CLOUDS WITH BASE HEIGHT AT H.

HUSTGAS is0CEO 260(6 300( DES 60DG oDG 0e is DEe 6o Des of PC*606 90(

25.00006 .OGS2 .t0ss $90s? .t6ss .98600 .9460 .90460 .9640 .9648

Masao0 .9993 .99"3 .9993 .*994 .9994 .9994 *4994 .9094 .9994

150.e*60 .9043 .904t *9672 .904? .9070 .9916 gove9 .9879 *oa79

25.00 .9476 .9760 .911-3 .9725 .9733 .0736 .9736 .9737 *9738

016.8086 .7902 .0162 .03o9 .0636 .8473 .a496 .0917 .&S31 .9

@00.s0e0 .4076 .7261 .7406 740"a 0It .7746717 la0st .7071 .is"

125.666 .912 o9316 .930? .943s .9444 .9479 09489 .9496 .9499

1756.1600 Out. *9957 .9962 6996s .0997 .9949 .994% 09916 09976

01006 94 .9964 .9972 .9974 .9971 .9974 *9916 .0976, 09974

3000.6600 .9976 .99142 .9903 .907 .90098 .090 .99es .9900 .9902

TABLE 4-2 SUMMER
CONTRIBUTION TO PCFLOS IA, H) DUE TO CLOUDS WITH BASE HEIGHT AT H.

HMETEAS if Des 20 DEG 30 DEG * 40 f s6 DEG 40 Dee 76 DES6 so Dee 9o PEG

25.6666 .9949 .9551 .9"S9 .954. O959 .9549 .9549 .9"49 .9699

7.86966 .9964 .9944 .9948 .9940 .9950 .9990 ."So6 .99s6 .9956

396.6666 .91,03 .9609 .9430 .94t7 .9433 .9636 .9634 .9434 .9636

a50.0606 .9292 .9333. .93S9 .9301 .939S .039" .9403 .9405 .9404

616.6666 .4074 .?Is0 .7329 .7646 .71148 .7501 .7411 .7429 .763S

466.8044 .7930 .0144 .*at" .,11608 .0673 '454S .8527 .8141 .08547

2116069660 .9016 .9764 1.9773 .9793 .00*1 .90$a .9013 09014 .9011

1750.6606 . 99S2 .9064 * 9969 .99041 .9976 .99711 .9972t .9972 .9972

2156.6666 "990 .91911 .990z .9993 .9994 .9994 .9994 69099S .999

38000.000 .9963 .9979 09976 .9979 99 .9941 .962 .99042 .990s

TABLE 4-3 WINTER
CONTRIBUTION TO PCFLOS IA. H) DUE TO CLOUDS WITH'BASE HEIGHT AT H.

HMETERS 10 0(6 20 0(0 30 Dee 400( 5E oDe600 CEO TO6 70 , Of DLI SO 016
&5.60600 .99?* .9974 .991T .9977 .9977 .9917 .007?1 .997? *v.997

75.0660 .0041 .9907 6~ 9997 .999 7 t" .0997 .09997 .997 09907
116.6660 .9953 .9953 099S4 .0995 .99S1 69959 .%904 09906 .9994

ISO.##@# .9760 g9ivs .944s .9013 .96306 .9026 .90241 .9023 .9423

616e.6060 ý.6946l .71297 .7446 .7s96 .700 OV737 .7746 .7743 .??70

loi.96666 .4777 07125 .7393 .721 .0623, .11-70 .7703 .7726 .7733

320.00600 ."144 .0607 .9647 .9474 *9494 '1766 .9761 .9709 .7111

375446466 .09993 .9993 .9994 .9094 .9099 '9999 .9995 .999 6999m

220.96606 .9906 .9990 .1919 .9992 .. 9992 09493 .9993 .09993 .9903

3i604.4000 "as6 .99a? "as6 -9990 .9996 .99% ~1.9 .9993 .9908,

4-4
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PCFLOS (A,H) TABLE 4-4 SPRING LOCATION M
PROBABILITY OF CLOUD-FREE LINES-OF4SIGHT FROM THE SURFACE TO GIVEN HEIGHT, H.

HEIGHT H 10 aOf 20, DEG 30 Ot~i 40 Oka s0 DE6 .60 OE6 F0 0(6 OU UL6 90 Uta

(METE RS)

SO.UIDUO .9, .9#SS V9ab7 .96be .98b0 .VU60. .9860 .98bo .9860

100.0000 .9805 .0O48 ve~sO .9552 .9ob3 .98S3 .9W5. .98b* Vub54

200.11000 .970? .9717 .972z .9727 .(A7s1 .9732 .9732 .9732 .%132

300.uooo *93uS *9*17 .943S .9%.52 .9662 .9466 .9468 .9410 .94706

600.0000 0373 '. 7599 .7745 .786Z .7933 .7963 .7985 80061 .860b

1000.v U00 .4241 .4639 SZ2?4 *5bZ2 b5b9o blueo .bb35 .bo1b .bbu

1500.0000 .34S3 *,156 *4611 .4V57 *.s16'1 .5259 .534e4 .%312 b5J69

2000.6000 .340d .4112 ..573 .4923 .5129 s52zA S52V3 b]162' .53t5

Z,00o.UU10O .336b .1b083 .*s~5 .4697 .b** bke03 .s26e9 .b31b b.136

3S06.&I000 .33,bt *4062 .*S28 .4684 .5092 b]192 .S2hy .53U6 b5zb

TABLE 4-5 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF4SIGHT FROM THE SURFACE TO GIVEN HEIGHT, H.

HEIGHT H, 10 ijEt 20 DEG 30 11(6 40 L,(t 50 1116 60 111 70 U)LC 84i JL. V0 uEbt
(ME TERS)

50.11600 .9b.5 .*bs5 .9b59 .9564b .9569 .9b69 .9b69 .95b9 ."569

100.11000 .9688 *V501l .9507 .9b13 .4518 vb519 .9biv .95*9 ."V~*

100.6600 *906o1 .91010 *'912S .9140 *9151 .9153 .9*55 *9155 .91bb

300.U0000 67 .0*44 .0464 *8bz1 .S46 *ASS2b .8bbo .0b60 u8~be

600.6000 5240 .bSQ3 bd8u9 .5V66 .6094 0113? .66 616V .6 *96bjv

100(5.660 .j1b7 .S137 .4104 .4o394 *4 .1 b7 .4b4j ,4bbb .4740 .414J

IO0.vUoQ .2863 .J483 is??1 .,blob o3bo .44S50 o .5 07 .10514 oo~o

2uoo.0600 *2615 .3443 .S0*2 .6lb54 .4338 .b*21 .4.478 .4b16 .. 536J

250Q.4000 .2003 .3433 .3034 .41141 .*43.12 . .44 73 .40510 otoets

3S00.6600 .2764 .3603 .4800a .41?b .4313 .-b397 .44bb . ..4i3 .0610

TABLE 4-6 WIN rER
PROBA1BILITY OF CLOUD-FREE LINES-OF41GHT FROM THE SURFACE TO GIVEN HEIGHT, H.

HEIGHT H is "a( 20 DEG 30 0(6 40 Vt0 b0 0(6 60 DEG t0 11(6 so otOp 90 11(

IMETERS

.060 9976 .9916 .997 ? .9977*97 9? .991? V41 091? VV91b

I00.r0000 . .9972 .9973 .9974b .9974 .9975 .99T5 .991b .1097S .9915

200.60000 .99213 .9926 .9927 .992. .9030 .9930 .9930 .9930 00vio

390.0000 .9103 09721 -9132 .9142 .9746 .9750o .91b2 .9TS3 .9153

4100.10060 .6666 .6970 .77 0*332 .74t7 .7467 .74,46 O7516 .7b23

00.00 .344.3 *41S4 .4526 *4#S4 .5049 .5137 .5197 .5240 .5251

1500.0000 .2991 .37.11 q,4174 .hJ~9 .4740 .443? .4902 .4949 .4961.

2000.40400 .2962' .3704 .4167 .41526 .4735 .683? .4091 .4904 .4'V63

Z500.0000 .2969 .3693 .0415 .*514 .4121 .4825 .4689 .4937 .4956

3500.0000 . .29S4 .3661 .4*46 .4be5 .*?I# 485 4 .40492 *4v*7
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CHAPTER 5

SUMMARY AND COMMENTS

In order to supply a comprehensive view of the information contained in
Appendices A, B, and C, we have produced a new set of seven tables that summarize
our results and highlight the more essential points. The description of these
tables and the relevant co.,yments are as follows:

All the locations are arranged in order of increasing latitude and listed
in each of the tables.

A. CLOUD STATISTICS

(i) Lower cloud base staJistics- Tables 5-1, 5-2, and 5-3 give the
frequencies (%) for winter, spring, and sunmmer respectively, for lower cloud bases,
between:

0 and 299m (base height cells 0, 1, 2, and 3)
300 and 999m (base height cells 4 and 5)
1000 and 2500m (base height:cells 7, 8, and 9)
above 2500m (base height cell .10)

Height cell 10, includes observations of no clouds besides observations .of
clouds above 2500m.' The five columns on the right hand side summarize the results
even further by considering only two layers: one below 'SOOm and one above. The
frequency for no clouds, which is -listed separately in these tables, was obtained
by taking, .in obvious notation,

Freq. (no clouds') Freq. (> 2500m or no clouds; cloud cover C = 0)

where the right hand side is the element (H , C.),.'i -10, j = 0
of the transposed of the lower base matrix V ofjAppendix A. (H10 > 2500m).

Since

Freq.. (<2500) + Freq. (>2500 or no clouds) = 100%

* 5-! '
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and

Freq. (>2500 or no clouds) = Freq. (>2500) + Freq. (no clouds)

it fcllows that

Freq. (0 2500) E Freq. (all height) = 100% - Freq. (>2500 or no clouds; C = 0)

The, values taken by this quantity can be found in' the column headed "All
Heights, Freq."

It is clear that most of the cloud bases are found in the 300-999m layer..
In fact, if we disregard the small' number of cloud observations above 2500m, we
see that the frequencies for the three layers (0-299, 300-999 and 1000-1500m) are
out of proportion to their thickness. In the example of location M, at

'0-299m, which comprises 12% of the 2500m layer, the observed freq. is 3.8%

i.e., 1.3 10 /m.

300-999m, which comprises 28% of the 2500m layer, the observed freq. is 87.1%,

i.e., 1.3 10-1/M.

l000-2500m,'which comprises 60% of the 2500m layer, the observed freq. is 7.9%,

i.e., 5.0 10 3 /m.

Ficures D-l, D-6, D-11, and D-16 of Appendix 0 provide a graphic illustration
of the typical distribution of cloud bases. With respect to'the peaks at 3000m,
the read.ar is referred to the comment in the' last paragraph of Chapter 2.'

The fact th'at most lower cloud bases lie in the 300-999m layer suggests the
possibil.ity that air-to-air lines of sight might be adequate, for airborne su-veil-
lance Within this layer'.

Values for the lower cloud cover below and above 2500m were calculated from
the datr in Appendix A as the sum over all cloud covers of the products of'the.
relative Frequency-for a cloud cover times the decimal expression of the cloud
cover. For 2500 meters and less, all the values lie in the ranges (.4 to .8)-,
(.3 to .7), and (.2 to .7) for winter, s.pring, and summer respectively.

(ii) Low cloud statistics. Tables 5-4, 5-5, and 5-6 summarize the data
for low cloud type (CL) statistics given in Appendix A.

The code for CL type clouds is included in Chapter 2.

5.2
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For each location we assign two lines. The one above gives the frequencies
for the 300-999 meter layer (base he.ght cells 4 and 5) and the lower one the
frequencies for all heights (cells 0-10).

The ,ost. frequently reported types for the three seasons studied, for all
heights and for the 300-999 meter layer, are 5.8 and 2. They correspond to strato-
cumulus not resulting from the spread of cumulus, cumulus of moderate or strong
vertical extent or'towering cumulus and the combination of both.

B. PCFLOS (Ai, Hi) AND SLANT RANGE (SR)

In Table 5-7 we .have arranged systematically the part of the results listed in
Appendix C that we consider summarizes more efficiently the main features of our
results for the PCFLOS (Ai, Hi) and the slant range. For each marine location, in
order of increasing latitude, we give PCFLOS (Ai, Hi) in winter, spring, and summer
for all the combinations of two elevation angles and three heights,

The typical PCFLOS (Ai, Hi) curves illustrated in Figures D-2, D-3, 0-4, etc.
in Appendix D show that this quantity decreases rather rapidly from its value of
unity at very close range to a point where it almost levels off and that, as
expected, the curves for 10 and 90 degrees enclosed those calculated for other
angles. For this reason we have chosen the points at 10 aid 90 degrees for the
elevation angle and 25, 450 (rather arbitrarily) and 2250 meters for the height to
characterize the set of PCFL.OS (Ai, Hi) curves for each location and season.

The 'values of PCFLOS (Ai) of TAbla C-46 are listed also under the heading
"All H." As expected, they are smaller than those of PCFLOS (A1 , Hi). While
PCFLOS (Ai) is associated with the probability of detecting a target against a deep
sky background, the difference between PCFLOS (Ai, Hi) and PCFLOS (Ai) (determined
wi thlower and total cloud cover respectively) involves a warmer cloud background
and consequently a weaker contrast. From the values on Table 5-7 we see that the
later circumstance obtains, at low altitudes, a substantial part of the time.

"Since the elevation angle A and the height H determine the slant range, the
corresponding' values (f (SR) in kilofeet have been included in the headings of the
various columns.

With respect to *he accuracy of the re.'ults,*it must be understood that we
offer only rough estimates. The uncertainty in the data due to the measuring
procedures used in the estimation of the cloud cover in eights, the size of the.
cloud base height cells, and our use of'the diurmal universal matrix of Lund and
Shanklin are among other factors detrimental to the accuracy.

Here we wish tc poiht out that the values of PCFLOS (A.iH.) implicitly
contain the definition of LOS of Lund and Shanklin and that their definition is
dependent on their technique (instrumentation, photographic proce~ssing, etc.).
In essence, it consists in the examination of high.contrast'photographs through
holes in a template, corresponding to fixed elevation angles, for the presence I
of clouds. We refer the reader to their 1972 paper for at'complete description.
1Lund, I.A. and Shdnklin, M.D. 1972: Photogrammetically Determined Cloud-Free

Lines'of Sight Through the Atmosphere. J. Appl. Meteor.' 11, 773-182.
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Furthermore, while it is very fortunate that the weather data was collected and
made available to us, it must be realized that it was not taken with the intended
purpose of this study.

Early operational versions of the optical system that this report tends to
foster would supply a more accurate method to obtain and accumulate data for the
determination of the probability of a cloud-free line of sight.

With due regard*for the previous conmnents we consider that, at this stage,
our results provide an adequate CFLOS basis for the preliminary planning of
atmospheric optical systems.

5-4
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TABLE 5-1

SUMMARY OF STATISTICS FOR LOWER CLOUD BASES BELOýJ 2500 METERS

WINTER

~25,00Meters
,Lower CLoud >2500 $2500 All Heights NoCloud CA L,

Base o•N , 1 0 M or Meters Clouds:Bas , , cI No i
,T ,0o', o Clouds I

Loc. Lat. Long. Freq. Freq. Freq. Freq. Freq. Cover Freq. Cover Freq4

9/10 17N 107E 22.6 66.5 4.6 6.4 93.6 0.72 94.4 0.721 5.6

T 29N 135E 0.2 68.2 24.5 7.2 92.8 0.42 92.7 0.42, 7.3

N 30N 140W 2.5 91.2 3.7 2.7 97.3 0.65 98.1 0.65. 1.9i

V 31N 164E 5.3 89.7 2.6 2.3 97.7 0.59 98.8 0.60 1.21

1/2 •33N 34E 15.7 52.4 7.6 24.1 ,75.8 O.3G 79.6 0.38: 20.4

3 OE 6 O

D 44N 41W 6.6 88.6 2.2 2.6 97.4 0.67 98.5 0.67 1.5

K 45N, 16W 10.6 69.8 14.7 4.9 95.1 0.67 97.1 0.68 2.9,

H 48N 36W 4.0 82.7 4.2 9.1 90.0 0.61 92.3 0.62 6.7

SP 50N 145W 23.8 72.3 1.2 .2.8 97.3.. 0.74 98.6 0.75 1.4

C 52N 35W 15.2 77.7 3.3 3.7 96.2 0.68 98.7 0.70 1.3

J 53N 19W 10.6 75.2 13.1 1.7 98.3 0.68 98.6 0.68: 1.4

B 56N 51W 17.3 80.1 1.5 1.2 98.8 0.81 99.2 0.81 0.8

I 60N 19W 16.8 70.8 11.0 1.3 98.6 0.68 99.4 0.68 0.6

A 62N 33W 15.1 72.3 11.0 1.6 98.4 0.73 98.9 0.74 1.1

M 66N 2E- 3.8 87.1 7.9 1.2 '98.8 0.72 99.0 n.72 1.0

5-5
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TABLE 5-2

SUMMARY CF STATISTICS FOR LOWER CLOUD BASES BELOW 2500 METERS

SPRING

S2500 Meters

Lower M or 1 2500 All Heights NoClou No
Cloud I No Meters Clouds
Base - 'T• Clouds

•0% C "I co: Co ud

Loc. Lat. Long. Freq..LFreq. 4; Freq. 1 Freq. Cover Freq. 'Cover Freq.

9/10 17N 107E 16.8 51.1 8.1 24.1 75.9 0.46 82.6 0.49 17.4

T 29N 135E 2.1 70.8 16.8 10.3 89.7 0.36 89.9 0.36 10.1

N 30N 140W 1.3. 90.1 5.2 2.9 97.2.. 0.64 97.9 0.64 2.1

V 31N 164E 11.8 78.1 '5.2 5.0 95.0 0.63 97.2 0.65 2.8

1/2 133N 34E 13.7 37.1 8.1 37.6 58.9 0.28 62.4 0.30 37.6

36N OE

D 44N 41W 8.4 80.0 4.4 7.3 92.7 0.61 96.8 0.64 3.2

I K 45N 16W 12.4 72.1 10.4 5.2 94.8. 0.62 96.0 0.62 4.0

H 48N 36W 3.2 79.7 7.0 10.2 89.8 0.57 91.7 0.58 8.3

* P 50N 145W 22.6 -70.7 2.3 4.5 95.7 0.72 96.3 0.72 3.7

C 52N 35W 21.2 65.4 5.9 7.5 92.5 0.69 97.0 0.71 3.0

J 53N 19W 14.5 68.8 14.2 2.6 97.4 C.63 98.1 0.63 1.9

B 56N 51W 21.5 72.1 2.4 4.0 96.0 0.78 '98.0 0.79 2.0

I 60N 19W 12.7 76.2 9.6 1.5 98.5 0.69 99.2 0.69 0.8

A 62N 33W 20.8 66.3 8.9 4.0 96.0 0.72 97.5 0.73 2.5

M 66N 2E 7.1 73.8 15.2 3.9 96.1 0.68 96.2 0.68 3.8
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TABLE 5-3

SUMMARY OF STATISTICS FOR LOWER CLOUD BASES BELOW 2500 METERS

SUMMER

.• 2500 ?*ters
Lower

C o >2500 >2500 All Heights NoCloud Ln M or •e e
Base -. M or •eters CloudsBas o•o• • I co

), I , No
8i o 0 , Clouds

-4Loc. Lat. Long. Freg. Freq. Freq. Freq. Freq. Cover Freq. Cover Freq.
9/10 17N 107E 3.7 61.5 . J 26.7 73.6 0.31 87.3 0.36 12.7
T 29N ,.135E 13.8 45.8 3Z 6.8 93.2 0.31 '93.3 0.32 6.7
N '30N 140W 0.7 96.3 2.2 0.8 99.2 0.63 99.5 0.63 0.5
V 31N 164E 6.4 83.8 3.2 6.5 93.5 0.49 96.0 0.50 4.0
1/2 3N 34E 11.7 28.2 4.7 55.4 44.6 0.16 47.5 0.19 52.5

136N OE
D 44N 41W 15.3 72.3 2.9 9.6 90.4 0.59 95.1 0.62 4.9
K 45N 16W 10.7 73.1 11.7 4.6 95.5 0.63 97.4 0.64 2.6
H 48N 36W 1.0 76.3 4.4 18.3 81.7 0.34 85.2 0.35 14.8
P 50N 145W 35.8 60.0 2.6 1.6 98.4 0.84 0.99 0.85 1.0
C 52N 35W 34.0' 57.4 ,2.3 6.4 93.7 0.77 97.8 0.80 2.2
J 53N ' 19W 22,1 65.7 10.2 2.1 9/.9 0.73 '98.2 0.74 1.2
B * 56N 51W 33.1 50.2 4.0 12.0 88.0 0.71 94.8 0.75 5.?,
I 60N 19W 22.9 74.0 4.3 0.9 99.2 0.72 99.6 0.72 0.4
A 62N 33W 23.0 66..2 8.1 2.6 97.4 0.77 e8.5 0.77 1.5
M 66N1 2E 18.4 71.7 6A. 3.4 96.6 0.74 97.2 0.74 2.8

5.7
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TABLE 5-4

SUMMARY OF LOW CLOUD (CL) STATISTICS

WINTER
LOW CLOUD TYPE (Base height cells 4 and 5/all base height cells)

0 1 2 3 4 5 6 7 8 9 Fog

9/10 0.2 12.1 8.1 0.9 3.6 16.6 5.0 ,4.6 15.3 0.1 -
8.0 13.2 10.0 1 .1 4.1 22.9 12.1 8.7 19.2 0.1 0.6

T 0.2 20.3 17.2 3.1 7.0 5.3 1 .1 8.0 4.5 1 .6 -
7.5 28.5 '18.6 3.1 12.2 13.3 1.1 8.3 5.9 1.6 0.0

N 0.4 7.3 14.4 1 .0 2.3 22.8 1 .3 3.1 36.1 0.59 -
,3.6 7.4 16.6' 1 .0 2.6 25.5 1 .7 4.1 36.5 0.6 0.3

V 0.5 10.9 28.0 5.0 2.8 9.6 0.7 8.0 23.2 1 .0 -
3.4 11.2 28.5 5.0 3.2 11.3 1 , 11.6 23.5 1 .3 0.0

1/2 0.8 9.5 14.6 6.0 4.5 8.7 1 .3 3.4 2.4 1.1
27.5 12.5 21.0 8.3 6.6 11.7 2.1 4.9 3.4 2.1 0.2

G 0.3 7.1 29.4 4.2 3.4 18.1 0.7 10.7 13.2 0.6 -
3.4 7.2 29.9 4.7 3.4 19.7 0.8 15.0 14.9 0.6 .0.4

K 0.0 1.8 5.9 1.6 0.4 18.8 2.5 4.7 26.6 7.5 -
5.1 2,0 6.2 1.8 0.6 33.8 6.4 8..5 27.4 7.9 0.3

H 0.3 13.4 13.6 2.4 3.9 22.9 1 .0 7 .'6 16.6 0.9 -
10.7 13.7 14.3 2.6 4.3 25.0 1.2 9.9 16.9 0.9 ' 0.5

P. 1.1 1.6 10.8 3.7 11.2 23.5 4.3 4.0 8.5 3.6 -
4.9 1.6 11 .1 3.8 11.3 25.6 12.8 11.3 8.9 3.6 5.0

C 0.5 4.4 23.9 2.0 1.4, 20.8 2.0 9.4 12.7 0.6 -
4.X 4.7 24.1 2.2 1.7 23.2 5.4 16.0 12.9 0.6* 4.2

0.0 1.1 7.1 , 4.4 0.5 1 .9 1.5 4.2 22.1 18.• -

1.9 1.2 7.9 4.5 0.6 28.7 3.2 9.1 23. 1 19.3 0.5

B. 0.5 2.9 27.0 1.3 1 .8 20.1 0.5 8.3 16.9 0.2 -
2.1 3.0 28.2 1.4 2.0 21.6 1 .3 17.3 18.0 0.2 4.8

1 0.1 2.2 7.4 5.0 0.3 14.8 1.0 2.1 23.5 10.4 -
1.3 2.2 7.7 5.C 0.4 29.4 2.2 8.7 28.9 13.3 0.2

A 0.2 1.4 4.5 4.1 0.6 16.3 1.5 5.4 21.9 16.4 -
2.0 1.4 4.8 4.6 0.6 29.1 3.7 12.6 23.1 17.7 0.3

M 0.0 0.7 3.7- 1.2 0.2 12.2 3.9 9.8 8.3 47.0 -
1.4 1 .1 4.7 1.1 0.2 15.7 5.3 10.9 9-5 49-3 5I

5-8'
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TASL' 5-5

SUMMPARY OF L W CL"I'D C, S TA TISI CS

SPRIAG

LOW CLOUD TYPE (Base Height Cells 4 and 5/all tase heign: cells)

0 1 2 3 4 5 6 7 3 9 Fog

9/10 0.1 9.7 8.8 2.2 3.5 12.7 4.5 1.6 6.2 ,1.9 -

26.9 I .9 10.3 2.5 4.3 19.1 0.5 3.5 9.5 2.2 1 .1

T 0.1 23.7 14.7 3.7 1 .6 5.5 2.6 13.8 4.4 0.7 -
10.7 30.1 15.1 3.7 3.7, 12.3 3.6 14.5 5.1 0.7 0.9

N 0.4 9.0 13.0 1.4 2.3. 18.3 0.2 2.7 42.2 0.2 -
3.6 9.0 13.0 1.4 2.4 24.1 0.4 3.7 42.3 0.2 0.0

V 0.6 10.2 15.3 0.7 4.2. 16.1 2.2 8.1 20.1 0.2 -
6.1 10.3 16.0 0.7 4.5 20.1 5.8 13.8 20.5 C.2 1.9

1/2 0.9 7.4 11.3 2.4 2.8 4.4 2.3 2.4 2.0 0.3 -
46.1 11.2 13.9 4.0 4.0 7.4 3.8 5.4 3.3 1.1 0.1 .

0 0.6 11.6 16.1 1.5 2.6 18.5 1.1 11.1 16.0 0.8 -
9.1 11.8 16.2 1.6 2.8 21.3 2.5 16.2 16.5 0.9 1.2

K 0.2 4.9 7.2 0.9 0.4 17.4 2.5 4.8 25.7 8.3 -
6.5 5.0 7.4 0.8 0.4 26.8 7.0 7.3 27.0 8.6 3.2

H 0.5 10.9 22.1 2.9" 6.1 19.8 1.1 4.6 10.4 1.3 -

12.2 11.9 23.4 3.1 6.7 22.0 1.4 6.5 11.0 1.3 0.5

P 0.6 5.0 8.6 1.5 3.6 28.5 3.5 3.4 9.4 1.8 -
6.3 5.1 8.6 1.6 8.8 30.9 10.2 10.9 9.7 1.8 6.1

C 0.6 5.8 12.8 1.7 1.1 17.6 2.3 9.0 14.4 :0.2 -
10.6 6.2 13.0 1.7 1.3 20.8 7.7 14.7 14.7 0.2 9.2

3 0.0 2.3 5.6 3.1 0.9 11.9 0.9 3.2 28.9 11.2 -
2.7 2.6 7.0 3.2 1.2 25.4 4.7 8.7 31.2 11.9 1.4

B 0.5 4.6 16.3 0.2 2.0 26.0 1.9---7-.5--12.5 0.1 -
5.5 4.7 17.3 0.2 2.2 28.3 5.8 16.5 13.8 0.1, 5.6

I 0.0 '2.6 5.7 4.3 1.1 14.5 0.8 4.1 27.9 14.2 -

1.7 2.6 5.9' 4.4 1.4 26.4 2.2 10.5 28.9 15.7 0.3
A 0.1 2.2 4.2 3.2 0.8, 17.6 1.4 3.4 24.2 9.2 -

5.6 2.8 A4.5 3.5 0.9 28.3 6.0 13.1 '25.0 10.2 .1.4

M 0.1 0.6 3.3 0.3 0.0 10.5 6.5 8.1 7.5 36.7 -
5.3 1.5 4.6 0.9 0.0 16.6 10.3 9.6 8.5 41.1 1.6

5-9
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TABLE 5-6

S-JMMARY OF LOW CLOUD (CL) STATISTICS

S UMN EER

Loc. LOW CLOUD TYPE (Base Height Cells 4 and 5/all base height cells)

0 1 2 3 4 5 6 7 8 9 Fog

9/10 0.1 12.1 20.3 5.6 2.4 2.8 1.9 1.9 3.8 10.2 -

29.6 13.0 22.7 6.3 3.2 4.6 2.3 2.6 5.0 10.6 0.1

T 0.0 12.8 33.5 12.8 0.8 1.1 3.0 4.5 1.0 8.7 -
6.8 13.0 33.7 12.9 1.0 1.7 3.6 4.7 1.1 8.7 12.8

N 0.0 10.8 17.3 1.9 3.2 12.5 0.4 0.7 48.8 0.3 -
0.9 10.8 17.9 1.9 3.2 14.5 0.6 0.9 48.9 0.3 0.0

V 0.4 14.3 23.8 2.5 1.8 12.4 3.5 3.9 20.0 1.2 -

5.0 14.3 24.0 2,6 2.0 14.4 6.2 5.6 20.2 1.2 1.5

1/2 1.0 10.3 6.6 1 .3 2.1 2.9 1.8 0.6 1 .1 0.5 -
57.8 17,2 9.7 1.6 2.4 4.7 3.2 1.1 1.6 0.6 0.2

D 0.2 13.9 9.2 1.6 3.0 24.4 3.0 4.8 11.7 0.3 -
10.9 14.2 9.5 1.7 3.3 26.6 7.7 8.1 12.3 0.3 5.3

K 0.1 4.1 8.4 0.4 0.9 23.2 2.2 3.2 26.7 3.9 -
5.2 4.3 9.2 0.5 1.2 33.2 7.5 6.4 28.1 4.0 0.2

H J.1 18.4 28.6 7.0 3.1 8.2 1.4 1.8 4.3 3.4 -
20.2 18.7 23.8 7.0 3.4 10.2 1.6 2.1 4.4 3.5 0.2

P 0.5 2.0 '1.1 0.2 4.5 31.1 3.7 1.6 12.9 0.4 -
3.4 2.0 3.3 0.4 4.3 34.8 19.1 9.6 14.0 0.4 8.3

C 0.2 2.1 5.5 0.6 0.9 26.1 3.3 4.3 13.2 0.0 -
7.4 3.4 5.7 0.6 0,9 28.4 11.2 11.0 13.9 .0.0 17.4

J 0.0 2.0 4.3 1.5 0.7 15.6 1.4 2.8 33.0 4.3 -
2.4 2.2 4.7 1.6 0.9 27.2 8.3 11.1 34.7 4.5 2.5

B 0.7 2.9 2.7 0.2 0.8 27.3 3.9 5.0 7.5 0.0, -
14.3 3.0 2.7 0.2 0.8 31.1 14.4 12.5 8.7 0.0 12.3

I 0.0 3.2 3.2 1.6 "2.0 15.7 1.0 3.2 33 8.8 -
0.9 3.3 3.3 1.9 2.0 26.2 4.9 13.0 34.8 9.0 0.5

A 0.0 1.9 1.8 0.6 0.4 23.6 2.0 3.3 27.0 5.7 -
3.3 2.0. 1.9 0.'6 0.6 34.9 10.1 12.0 28.0 5.8 0.9

0.2 0.4 .4 1.0 0.3 15.5 9.9 4.7 11.1 26.1 -

4.7 0.7 2.9 1.1 0.3 19.6 18.0 7.7 12.1 27.9 4.9

5-!0
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TABLE 5-7
SUMMARY FOR PCFLOS (Ai, H.). LOCAL SEASONAL VARIATION

10 Degrees 90 Degrees
H (meters) H (meters)

- -45220 All 25 450 2250 1 All--
Lat SiaSlant Range (KF) [Heights* Slant Range KF I Heights

Loc. Long.- Season 1.9 1 ;1.3 47.0 0.16 1 2.0 .8.2

9/10 17N WI 0.99 0.46 0.30 0.24 0,99 0.54 0.43 0.37
107E SP 0.99 0.67 0.54 0.36 0.99 0.74 0.66 0.52

SU 1.00 0.85 0.69 0.28 1.00 0.92 0.82 0.45
29N WI 1.00 0.96 0.57 0.36 1.00 0.98 0.76 0.52
135E SP 0.99 0.89 0.63 0.30 0.99 0.93 0.79 0.45

SU 0.96 0.81 0.67 0.37 0.98 0.89 '0.83 0.54
N 30N WI 1.00 0.84 '0.36 0.26 1.00 0.88 0.54 0.42

140W SP 1.00 0.88 0.37 0.26 1.00 0.91 0.54 0.42
SU 1.00 -0.91 0.37 0.33 1.00 0.93 0.55 0.51

V 31N WI 1.00 0.73 0.41 0-28 1.00 0.81 0.60 0.44
164E SP 0.98 0.69 0.37 0.21 0.98 0.76 0.54 0.35

SU 0.99 0.77 0.50 0.21 0.9S 0.83 0.67 0.44
|33N WI 1.00 0.75 0.63 0.51 1.00 0.84 0.77 0.68
1 34F SP 1.00 0.8P 0.72 0.60 1.00 0.87 0.83 0.74

1/2 )30N SU 1.00 0.87 0.81 0.74 1.0C 0.93 0.90 0.35
OE

0 44N WI 1.00 0.63 0.34 0.22 1.00 0.73 0.53 0.37
41W SP 0.99 0.66 0.39 0.21 0.99 0.75 0.56 0.35

SU 0.95 0.61 0.41 0.26 0.95 0.68 0.56 0.41
K 45N WI 1.00 0.'69 0.34 0.26 .. 0.76 0.51 0.42

16W SP O.9R 0.67 0.39 0.29 '0.98 0.74 0.55 0.46
S.U 1.00 0.69 0.37 0.29 1.00 0.75 0.54 0.45

H 48N WI 1.00 .0.7'2 0.40 0.24 1.00 0.78 0.57 0.38
36W Sp 1.00 0.77 0.43 0.27 1.00 0.83 0.59 0.41

S" 1.00 0.P5 0.65 0.40 1.00 0.91 0.30 0.58
W , 0.95 0.39 0.28 0.21 .95-0-. 51 0.43 0.35

!45W Sr 0.94 0.44 0.29 0,21 0.94 0.55 0.44 0.34
SU 0.92 0.31 0.18 0.11 9.92 0.40 0.29 0.21

C 52N WI 0.96 0.55 0.33 0.21 0.96 0.65 0.49 0.35
.35W SP 0.91 0.5i 0.33 0.17 0.92' 0.65 0.47 0.30

SU 0.83 0.41 0.24 0.13 0.84 0.49 0.36 0.23

(continued next page)

"All Heights" relatp,, to• calcljuitions done with the total '(loud cover
(unnmodifled Lund and Shanlrin's method)
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TABLE 5-7 (continued)

SUMMARY FOR PCFLOS (Ai. H.). LOCAL SEASONAL VARIATION

I0 Degrees 90 Degrees
H meters) H (meters)

25 4503 1 250 All 25 4'•50 12250 All
Lat Slant Range KF) Heights* Slant Ranje (KF' Heights

bLc. Long. Season 0.9 111.3 47.0 0.16 '12.0 8.2

I J 53N WI 1.00 0.64 0.33ý 0.25 1.00 0.73 0.51 0.42
19W SP 0.99 0.66 0.38 0.27 0.99 0.74 0.56 0.44

SU 0.98 0.53 0.28 0.20 0.98. 0.62 0.43 0.33
B 56N WI 0.95 0.43 0.21 0.14 0.46 0.53 0.36 0.26

51w SP 0.95 0.47 0.24 0.14 0.95 0.56 0.38 0.26
SU 0.88 0.43 0.30 0.16 0.39 0.51 0.41 0.27

I 60N WI 1.00 0.54 0.33 0.24 1.00 0.66 0.52 0.41
19W SP 1.00 0.55 0.32 0.22 1.00 0.66 0.50 0.37

SU 1.00 0.47 0.29 0.19 1.00 0.59 0.46 0.33
A 62 WI 1.00 0.51 0.28 0.21 1.00 0.62 0.45 0,.35

33W SP 0.99 0.47 0.25 0.19 0.99 0.59 0.45 0.33
SU 0.99 0.47 0.25 0.17 0.99 0.56, 0.40 0.30

M 66N WI 1.00 0.67 0.30 0.23 1.00 0.75 0.50 0.39
2E SP 0.99 0.74 0.34 0.24 0.99 0.80 0.53 0.40

SU 0.95 0.52 0.28 0.19 0.96 0.62 0.45 0.34

"All Heights" relates to calculations done with the total cloud cover
(unmodified Lund and Shanklin's method)
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GLOSSARY AND NOTATION

LOS Line of sight

PCFLOS Probability of a cloud-free line of sight

"A. i th value of the clevati6n angle A

Ci i th value of the cloud cover C

H. Midrange of the low cloud base-height recording cell
,|I• Sensor height

(SR).. Slant range to midrange of the jth height cell
L(Ai, Hj) (Ai, H.) matrix element of the real weather matrix

U(Ai, H.) (Ai, H.) matrix element of Lund and Shanklin's universal matrix

P(Cj) Probability of the cloud cover taking the value C

PINT (Ail H.) Contribution to PCFLOS (Ai, H.) due to the vaseheight cell
with midrange at H

PCFLOS (Ai. H.) PCFLOS at angle Ai and height H.

PCFLOS (Ai,(SR)j) PCFLOS at angle Ai and slant range to height Hj

PCFLOS (Ai) PCFLOS atangle Ai through all clouds

G-1
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APPENDIX A

STATISTICS OF CLOUDS BELOW 2500 METERS

A-1
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APPENDIX B

PINT (A,H) CONTRIBUTIONS TO PCFLOS (Ai, Hi) DUE TO LOWER

CLOUDS WITH BASE AT H.
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PINT (Al4) TABLE 81 SPRING LOCATION 2
CONTRIBUTION TO PCFLOS (A)4) DUE TO LOWER CLOUDS WITH I! ISE IE!GHT AT H,

HIN4ETERS) 10 uk lu ~U L)ý JO UkLO 40 ut( sO OEA, oD -tG ;(I tu~ aj JLtG V0 1'L.j

25. U000 .j9104" .9969 Y99.0 .1099U .914-41 .4~i Yvv9 .9yl1 Slyyl

Ito. uO 00 * .97,# *9? .9978 Y9e .4-063 IY84 .994,4* .9vo! -9906 . Vvdb

z5Q.u000 .9'# '0 .9-491 .9b4O *,0 .0t70 sdv .4!)99 .V5O4- .98069 .Yo11

*50.u0o0 .8809 .0491Y .110,9 .14171 .4215 .9,4eJ .9etA vbb ved7l

b80. vuOC .94 1 b *9,#57 Vsj .1be8 yhtp3 .966ti *4 .9b/8Y19 Vb408

1?2.O.U000 .9.,1s .844 VO645b .4076 *9814) .40ya vov Y1304 , *9!>b

1 0.000 *.c9r b .-0931 .Y943 .9490 .,9,yj *gvl * 7 .VY910 . -0-1)

225O.U000 .9v?3 .,#178 vyq1 I *.Vd4l .998tp .9985. .99148 V99470814

3000.U000% .98114 *1735 .~, u,0 .06 Vu lu I Vauo0 .9d G t o#t

TABLE B2 SUMMER

CONTRIBUTION TO PCFLOS (AH)4 DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METE RS) 10 OLIj -'0 OLI, ii ut~G 40 LLt, 70 ULV~ 80) 14C 10 uLL' 140 LulA 90 ut)

?ý.uu00 .999S V9968 .,014- v,'yb .9948 .414.' .VV94" .9s 9

7b.U000 .9 963 VqftI .0400 le7. 4-4/2 .99y73 *C7 *.Vy* *9vW74

150U.u000 .9934 .,#940 vvb .9Y67 .90 ."02? YvJ V(074 YV975

45G.UO000 .95b4 *vb* 7 vbso? .9717 V9733 .V14? w.I~ r V I,,e

450.0000 .9Z69 .43d4? .v4rb .93e~l 14 to p V I ."614 v9~v4 Y.Iyb

ti0u.0000 .95611 .063V 1r),05 .
9
Iclt5 .44,# f .h-*i v/0j V 0V~o V17?e

32tu.U0000 *Ub9b VY2I .4vet .,o.31 .94J5, .9,03.4. .9440 vv'1*9''.

2et(J0.'JO .9963 .99814 .0471 .0V I 1 .,097. yv?s .4V F, .v -j?, .Io1

3000.6000 .97113 o V'1 *,r *a#V95cd .90nvt0?i .9.89 yd/40 .9vej

TABLE 83 WINTER

CONTRIBUTION TO PCFLOS (Af)4 DUE TO LOWER CLOUDS WVITH BASE HEIGHT AT H.

SIM .ETERS) 10 CE6 PoUEU( 3u UýkG 40* ULG ti0 Ot.G 60 sJEG T0 OLL' 80 IJLf 90 u~

".U0000 .9yv7 '9998 .~'' .999V9 .99,09 Y9999 q9VVV vqV(# qV999

Yý.U0Q 0 .997? vv 74 9v lb .97 .991 *07 .. 0,4 I .4974 Vvr1

1!)0. 0O00 .9794e Yd81b 'dJe .06462 *98414 -O4stI ved54 .V"14 vds,4

g-3 W. vu00 . 941 *9 490 b8 . ,05Y1 y*6lb .4629 .403b V6843 V9O4..

##O. U.000 .AiJ!) d)0 .4o,6 Io t~1 .-s414 ?h ."u .6yev bv4 a *ov51

"Ou0LDOt00 .9311b y9?bd Y:Jbl Yfte1 .944" Y9415 .94ge *9"(j .9t~08

1 ýV. U00 0 .114 a *I yu19 V.?n~ ges 9ckjbb .9804 .Vdl8 go41 19 3 y'v?J

1150).U000 .49?8 vq .939 .99440 .9y'.2 YY,3b f VV9j .9,80b V990 I 98

22su.uO0C YY33 49Q4, VV~41 .19yle 15.0"V36 vb

3001.U0000 Y1140 .914e .1041 vo14I1d .911134, .9444"D *'Od149 .95493I .9v 1

8-2
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PINT (A,H) TABLE B4 SPRING LOCATION 9
C3NTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS VITH BASE HEIGHT AT H.

H(METERS) 10 DEG ( 10 D3EG 30 UE6 40 UtG bU DEG 0 DEG 70r VEG 80 DEG 90 DEG

25.0000 .995 .069 *'Pei 9 .9400 .9902 .9902 .9902 .9902 .9902

7b.0OcO ..999 .#192 Y943 * "9993 ..V993 . 9993 .9993 .9993 .9993

j50.0000 .97I'6 V9771 V 7?mI .97a9 .9794 .9796 .9797 .9798 .9799

250.0000 .9147 .910n .914M .9177 .9197 .9204 .9209 *9013 .9214

450.0000 .8035 .d?lo ts346 .8428 .8481 .0SO( .8518 .8531 .8536

800.0000 .9045 .9166 .,37 .9312 .9345 .9364 .9373 .9382 .9386

150.U0000 .9840 .986l .Yar9 .989 .-. 9895 .9898 .9900. .9902' .9902

'1750.0000 .9871 .9A,1 ..0960 .9908 .9913 .9916 .9917 .9918 .9919

2250.0000 .9889 .V905 .V917 .*4 .9929 .9931 .9932 .9934 .9934

3000.0000 .962b .9691 .4720 .9Tb8 *9779 .9786 *9790 .9794 .9813

TABLE B5 SUMMER
CONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 DFG Pf OF U Uj. 40 ut:G U 0 'DEG b UEG 70 DEG 80 DEG 90 DEG

it.0000 .9995 *99!ý .999' 9 .995 s .99" ,0995 .999b .9995 .9995

75.0000 .9997 .949d *V9V .9998 .9998 .9998 .9998 .99986 .9998

150.0000 .99"9 .4962 .9A96 .9465 .9446 .9966 .b967 .996 .9967

250.0000 .9746 .YR17 .9401 .9"41 .9846 .9849 .9851 .9652 .98S3

450.0000 .8751 .#956 V91il Ye203 .9254 .9289 *930o .9322 .9327

800.0000 8894 V9027 .-:)|e .9•43 *9290 .9320 .9336 .9350 *93S4

1250.0000 .9843 .9A65 .9880 ".9b0 .9895 .9698 .9900 .9901 .9902

17b0.0000 .9888 .990b .V917 .9924 .9928 .9931 .9932 .9933 .9934

2250.0000 .9845 .98A5 .9879 .9"a89 .9895 .9898 .9900 .9902 .9902

3000.0000 .9334 .944Y .4524 .9592 .9611 .9627 .9634 .9642 .96S9

TABLE B6 WINTER
CONTRIBUTION TO PCFLO9 (AMH) DUE TO LOWER'CLOUDS WITH BASE HEIGHT AT H.

•H(METERS) 10 DEG ?0 .)EG J. 1*El 40 UG t0O DEG 60 DEG 70 DEG 80 DEG 90 DEG

2bO000 .9941 Y9942 .9942 .9.43 .9444- 9944 .9944 .9944 .9944

7.0000 .99,74 V974 .976 .9976 .9077 .9977 .9977 1#977 .9977

150.0000 .9500 ,17 .,057 .9sjS ,9542 .9543 .9544 .9S44 9S4s

250.000 .8554 .6607 .8630 .a6bs .668s .8689 18691 .8693 .8694
450.0000 .6641 .btal .Tops .T7Ui .7201 .7227 .7242 0725S 07260

800.0000 .86.6 .8773 .8874 .8944 -. 914 .9004 .9014 .9024 .9029

1250.0000 .984.0 .9858 .V•?7 .9079 .9884 .9887 .9888 .9869 .9890

17S0.0000 ,99g4 .9959 .49he .9965 .""9966 .9967 .9967 .9068 .9968

2250.0000 .9924 .9932, yv3m .9942 .994s .9946 .9947 .9946 .9948

3000.0000 _.9938 Y.949 .v9e .460 Y.962 .9962 .9963 .9"63 .9969

-• 8-3
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PINT (A,H) TABLE B7 SPRING LOCATION A
CONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT IH.

H(METERS) 10 DE6 20 DEG 40 LJE(i 40 uEG 50 DEG 60 ULG 70 utG 00 ULG 90 uEG

25.0000 .9869 .- 872 .Vi73 .9a;b .9076 .;76 .9076 .9876 .Vb7o

75.0000 .9J33 . 0 .V833 .V08 y44 .9"4 .44 7 .9801 V9847 .VO48

150.0000 .9423 .9452 V9470 .94, .9495 , 0 .9500 .9sb2 .v303

250.0000 .902 ..9092 .9123 .914d ,9Ist .9171 .,#1is .,vj7 .910

400.0000 .6709 .6994 .* 78 .1.3e1 7,Ob .7444 .1470 .T9a7 .74v!

000.0000 .856V .872b .0033 .890a .639t50 .'972 .dvab bg9s .910" 1

1250.0000 .954pb .,0594 vb~2l .9b50 .96b3 .9670 .9014 .9677 *96 19

1750.0000 .994J .94)50 .49,34 *94ý7 .91459 .9,060 .99b1 V9401 Y9061

2250.0000 .9979 .9981 .9V82 .9yb3 .4903 .99d4 .- OYU, ..94d4 .9984#

3000.0000 .9919 .993? .VY39 .9,# *9949 *49S5f *9vb2 .99ý2 .9956b

TABLE B8 SUMMER
CONTRIBUTION TO PCFLOS.(A.H) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

IIIMETERS) 10 L)Eb 20 UEU Jo Lu0j 40 ULG 50 DE'. 60 ULG 70 utAG du ut6 90 LWEt

25.0000 .991Y .V921 .99,J2 .9923 .10924 *99e. .99oe4 .*9c~4 .992e4

75.0000 .98661 .98 7'3 *9b7 .9JO17 .ob is .va .9010a .98714 .96 t

150.0000 .9121 .1154 .9,174 .4191 .9204 .'420t .4e200 v90 .clo

250..000 .9011 .9057 YO54 .9109 .9 le5  .VZ9 o9143 .9#45 is 135

450.0000 .61307 .7049 .7e00O .1422g .1390 .7421 07444 .74:)b .7461

b00.0000 a.8bi! .6457 *0511 . dbt4 Ijbpg .8/le4 .04#0 .6146 to iý3

1250.0000 .9562 .9606 V93 956 .60 .075 .b9Iv 968 I *9bde

1750.0000 .9970 .9974 y9y7b .9ý90 .99tl .4-082 .vidi .9y63 ,9904

2250.06j0 .9981 .49.84 . 49~ 9807 .9088 .4998 *9v909 .9969 -90,06

3000.0000 .9950 .9957 .9962 .9V66 .996 .9969 .9909 .9910 .911

TABLE B9 WINTER

CONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 DEG 2u DEG J0 QE; ý-0 uEG S0 DEG 60 OtG 70 uob 00 0EU 90 uEfi

2b.0000 W9971 .9972 - .497e vi73' .9913 .9v73 .9v73 .v473 .9v73

7.0000 .9982 .9983 ,99o4 .99d4 .995 .1-Ads .99qb .%9t§5 V9lb

150.0000 .9711 .972J .9s730 .973ý .,740 197b1 ý9141 .v97*e V4i,

250.0000 .9007 .9O55 .90C 56 9109 . 91i .,130 .9133 .1|1J .V136

450.0000 .64*4 .6767 b6v?3 .7132 .72,e2 .12ob. .12* 7131,i .7422

900.40000 ,39k .ds6l ts673 ,8Io3 .87.99 .Ae3 .8uiJ9 .'t68 .005

1250.40000 .931b .9438S .94e9 be* .9400 so9tsv .9.ov .obu0 .9O01

1750.0000 .995o V.9 55 .99,8 .4-460 .99b2 .99 .4 t,; .9 90a l~3 *9Ovb

22F0.0000. 1.0000 1.0000 106000 1.OuO 1.0000 1.0000 1.00o10 .V000 1.0o0

3000;u000 .9973 .9977 .v979 ,901 ,9 ,e .99,? .4a Vveij .9V84.

3-4



NSWC TR 78-143

PINT (A,H) TABLE BIQ SPRING LOCATION 8
CONTRIBUTION TO PCFLOS IAH) DUE TO LOWER CLOUDS Wil . H BASE HEIGHT AT H.

HiMETERS) 1fl DLU ?o DEU .sU AL, 40 VC. au fltj bU Ljt( tlu iJL(2 du VLC, '40j uEb,

p>.0000 1.0000 1.0000 1.00oi~ 1.0tu0 1.0000 L.uUuI) 1.ou00 i.UouO I.uuoo

ebo.0000 .63844~ .dbt .YU06 .-OU4U .v4t' .006- vug~ rv~ I 4y Vb

25o0. 0000 .765.4 .6034 *00.10, -*,e54 ft~e.1,o41 ojt

TABLE 611 SUMMER
CONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

HIMAETERS) 10 ULUb eU L)tAJ S) ijtt 4U JLU,~ *)tjt OL u iE(. fI. L'LI oiu otf) 90 'itJu

eb.IJOOO .804.J ob136 .7 ~*I .w 4 -,31 Muj 4g i dvl J~ .OV04

715.0000 .4*')7e .','v5 .~i V,#71 1 *l~ ' .441 .v4~

450.01100 7ed5' r ,iO .i.. .1464 .v51, ..dol .711- .114 .7.4$ .11ba

* '.5..0000 *.,leb .epolb .,0017 .14 IV V3hI .,, I b .*4,. 01.

* . 1ik.uou0 .9402 .49,15 .v'9?b *.4 e Y,4*'je -o-034 Yw4jt Irv Jb

* 174V.0I000 . *,49,.v) .995% .~ .,04tfl V'0'3'0 Vvbu

225U.0000 .9)3 V94~1 vv9?, .b~ 9-b .I'.,# *-wýks -I-3 . V0 .. vbt

300.000 .939 .990 Y~t4 9164 vie 0 b~o v V Yyf .v-ti
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PINT (A,H) TABLE 813 SPRING LOCATION C
CONTRIBUTION TO PCFLOS (A,H) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 uEt, eo ob 3uJ ju 4t; ut DO '31t, i j, bi0 I)IJt LU mlu Dt., V0 uLb

240.U0000 .92kd .9274 V~jue *,ojet *.0Ag 34 J41 Vj:O0 .Vj23 V3.1%2

1a00.0000 .8009 d~l .njk4 b40 . ~ef. e .e mn .,a3,l . opaJ1 .0,39U

300u.UOOO .9721 .V I ::u *.07b .0 lcs. v.fvl .141. VI-pf V 0- *vue

TABLE 814 SUMMER
CONTRIBUTION TO PCFLOS (AM) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) lo DEt,t eO V)Eu SJ u,, .j vtu~ '3 JC) .0 L , Ot E. It. ULU fit. Ur-" vu 'jLt

iso.O0000 .960b .006?e .0tit) .- 00i r ' ** .'W... *

4bv.40000 .7250f Z43 ./b4?. 10.3 .,!.,, .??I .7/ev. .1uI Iv'-i

TABLE B15 WINTER
-'CONTRIBUTION TO PCFLOS (AM) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

94(METERS) 10 UE(, eo I)kt, jo U, 40 ULU~ t)(1 0t M) Otit, to ULU rOU ULG vo t

e.... UUO .9s4.7 V~6O6 .bIO bJ Iv. ~as .e.At .vi lift co v*I b

:0.O0000 1.000U 1.1000 l.,uuu0 1.Oul,, h.OiuiJ 1.000s, I.otJou 1.00t#fl 1.0000

Is.1u.o0 .9771 V 1710 .V I p 6 .. 14 Ifvr *vf1-4. .. 01,03 V17vj 9 14

Oei. 0000 .9297 .1340 *vjfý I V~JtV . lo0 444 .4ft *44j0 l~i

4b~u.U000 .lb 10 .112d 1:1 .40 /--t)% .4I4 Ili4 .41ftu .448f fail

.300.U0000 74#07 *4$e~U 03s' . 1-l 0 . ",1.e w's~ .. '1 old*1 .82VI

I e!) . o 0 0 904ft .14he vb 13- c, #o- V 6 -10 4 9

I~~~ ~ ~ ______________-0971_vIr__________o____________V~d
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PINT (A,H) TABLE B16 -SPRING LOCATION D
CONTRIBUTION~ TO PCF LOS (A)4) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 UL6i 20 OEUi 30 LffE 40) U~tb 3 Ur6 DLG U00 70C it) , DO, UL)L V0 L.,EG

2:o.uO0O .9681# Vhloo vbve'. .9a43 V~v .49tsy .d9', Velv's *vov

251.0000 .9h4b .4a .vb1 J .40ij .V6'6 Vb~ .9b V0*5V~

4bo.000O Ile1 I b 7190 .1blo 7"au' .?8jJ .?vdu .74,03 .79b1 *IV6'0

800.0000 .7b 14 *Jdgo dobb -lieZ .,fZ.vu .*tiev .aJe .61 b~j7v

1250.0000 .9m I1 *.1M33 *vb4h -j,3 015b I .vnbý Vaobb *Vtl6 *Vab7

2250.0000 .9*4.4 Výo V-033 .499b .43 .-0-59 v.ftU .1400 . V10U

3000.0000 *.u il v?74 vv Y.obu ...' .40114 .v 0 feo *ooee . Vaeb

TABLE 517 SUMMER
CONTRIBUTION TO PCFLOS IAH) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) .10 DFU. 'eu L)E(ol JO utt* 40 UL6 5t, LUt(2 Ot UE.. 10 U.LL, no ucIJ 90 UI~b

?2.0000 1.0000 1.0000 1.V000 .ovuoO 1.0000 I.Ouolu 1.0000 1.0ouo 1.UuuO

1'0.Uo~o .96.1 .Vm3e Ya3 1411ja .95a-,0 .'06100 Va-lu .98'4 *8u

2~.50000o .93?. .9313V v'j.0 tpjvr .4"u09 .,OftIj *.ij V417 V9. It

$00.0000 .519t, .d,.j, .coboto *toU *e .41?3 *.-lduv .89 b~pq'.b *dOb

17b0.ug00 *9"04 .vy I .vqec 4- .',.n. . f9 SP9019 *.44ea9V

ZZo0.u0o0 .994e . 198b . 99,.l 94vjb *.4. V-plis Vvdv~ V9'#cV #d

3000.0000 !l .97 V91 .V(516 *91,tjs .90141 940 Ve# V9* 15% ~ a*90nVnb.

TABLE 818 WINTER
CONTRIBUTION TO OCFLOS (AA) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.
HIMETERS) 10 DE6, d?0 I)Eb 30 UýOJ 40 tJE(p '0 Ott, OttJuG 10 iJL6 *0 U VO ULU

ThOb O .0000 1.0000 £uO 1.0000U 1.v0000~uo 1.0000 1.0000 I.Ouuo 1.0001 .4,00

1SU.00OO .9vbv *90?V I .I VV3 *'4v?. *991 .1 .*V16 VVI0 .Vv1b

iso.00O0 .9b9 . .vsvr V600if volo4f -9#h" Vbbo .906'.# .46th *a',07

450.0000 *0"4to ? 17j.3" 3) .Jb 7tif) .7sev, .IaO- food .7711 .?/LU

8S0U~uoo 72031* .?Sao *I?*0 ?Vito .'soeft f **?f .80V'3 .611T .610

12ho).0000 .90v3 VV) V4#0. .91 **ls ;'091 m .'.9Cf Vvieo Vy9eI *ve

irso0.o000 .9*016 **48d VV"V1 V9*v0 .990 *9f4vil vV4*0 .990 *vVV1

2?6i~b.'vo0 .9910 . 47e Vv911 VVfIj VV91ft 441' Ib' *9vyb

3000.0000 *99IO6 .,#31 Vvole I4'. vv,9'v .14*0 *9960 14!21 . v~j
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PINT (A,H) TABLE 819 SPRING LOCATION H
CONTRIBUTION TO PCFLOS (A.Hi DUE TO LOWER CLOUDS WITH 13ASE HEIGHT AT M.

H(METERS) 10 UEti i!0 i)E6 3 OEG 40 IjEG 50 ULG 80 LIEG 70 0kta do, OLS 90 uCO

2,.OO00 .9957 .0995 .109510 .?59 .9960 .- 0960 .9vb0 v9b00 .980

75.0000 1.0000 1UO 1.0000 1.0000 1.0000 1.000 lO00O 1.4)000 1.0000 LO0uQO

150.0000 *9960d .99e0 .V901 .09061 y9d81 .09081 V91ol V901 .981

250.0000 .9601 .a8tb .9024 .9631 .,4835 .9837 .983a .98J9 .q83q

450.0000 .798b .617b co3o02 .8392 do f#9 .8474 .1sr#9 .6s132 .8507

800.0000 0704? .737b .160!) .775S .785i .76911 .7g924 .7906 .79bb

1250.0000 09704 .90748 .9761 .9777 .V7?a .971V .9794# *97,06 vI97

1750.0000 .9932 .993b .V939 .9942 .#94b3 *9044 .9944 .v9*L Vvft!>

2250.0000 .9930 .VV34 .VV37 .994J9 .v40 VV941 qV941 .9v41 YV41

3600.0000 *987a .9899 .VV08 .99021 .v9I4 V9926 V9,e7 .V9db VV36

TABLE 820 SUMMER
CONTRIBUTION TO PCFLOS, IAH) DUE TO LOWER CLOUDS WITH BASE HEIGHT ATMH.

H(METERS) 10 IXU e0 LIEb .30 uEG 40 UIEb b0 (lEG b0 UEC.. to (JG 804 ULOj 40 UIE,'

2S.0000 .99444 v9b84 .9965d .9,085 .49813 *998% .9985b *965 .9985

75.0000 1.0000 1.0000 1.0000 1.0400 1.0000 1.O040 1.0600 1.u000 1.0000Q

150.0000 .9995s .9995 .9995 .9v95 Y99S5 V,9s9 V,)VS .109vs vv9b

250.0000 .9V4e Y940 .,#949 .91#51 .992 .Vvb3 .10953 vvtP3 '#Yb4

450.0000 .8626 *883j .a983 .9072 .91 d6 .;o15eE .174 ..VIV0 V9b9

600.0000 .03159 .61#d .8729 daeft0 .15944* 04996 Vold8 V944 .9054

1250.0000 .91019 .993J .9v4b q94 .9v"9~ .9vbb V9n.? .9956

1750).0000 .9922. V99ieu I J9? .493b .947? .vt46 .9Y48 .94 I .09949j

2250.0000 .9420 .992b Y(#33 9V37 -Y939 .9V40 v9o4i .9g41 V904e

3000.0000 .9001 .V040 .9as,8 .9#36, .9689 .Vbv3 .90,01 .Vb9b .v1e

TABLE 8 21 WINTIER

CONTRIBUTION TO PCFLOS IA.H) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

HIMETERSI' 10 1415 20 uLEO jo bEGt 40 ilEG 50 DEkO 80 t(iE 10 uti1 80 U(lEC 90 (lEG

26.0000 ..9950 .9951 .v952 *oyba .49953 .9954j .9423 V99j .V9SJ

?b.0000 .g98 .999ti .09 .V99 .9V109 V999999 .vv 1v9 v ..9999 .9fvv

150.0000o .9,479 VV981 Vv9al V96i .4998 .9983 VV683 V46:1 .9984

25.00 .0741 .V76e VIT7S V ?66 .9793 .91IV% V"9 .79 .919V

.50.0000 .7502 .??I7 .7s7 .79V63 .8029 deos? b80v.09 .4109b

100.0000 *706vl .11.07 .7639 .77905 .7691 .1940 .7-070 .19V2 .u003

* 1250.0000 ..0807 .9869 .10884 .989v3 .06V9 .9902 .9904 .990S V99ob

1750.0000 .9786 .99078 .0990 ."#81 .4992 .99682 .992 .VV82 .98e

* 2250.0000 .993a V993V .99-64 .9v.7 .9949 .9950 .4"1 V95~1 Vvsd2

3000.0000 .9863 .9604 .4095 .9V0? .99 1 .VV13 .99 14 .99S .VV22



NSWC TR 78-143

PINT (A.H) TABLE B 22 SPRING LOCATION I
CONTRIBUTION TO PCFLOS (A.H) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 O(U eo UL4 .30 UE(. 40 LJL5 '30 jEG 0-O.G 70 UE(s e0 DEG6 90 U&.CP

2S.0400O .991 V9976 .,1976 .4474 .9197 .4097,0 .4471 .9419 .9-1750

?t).0000 ,998*. .99d6 .910,48 *9V66 .99*97 .91087 .9yb7 .Vqd? VV6*7

1to..0000 .97*86 V'?94 .91,04 .9o01i .98u? .4808 *9bbe .9808 .9006

250.0000 .94 .'I67 .,#214 .4ej7 .-02be 95 .9i~? Ybo Ye~b2 VZ63J

450.0000 b6824 b498b .71d4 .7351 .7447t *79 *% 75,* .7t)56

800.0000 .8243 asoy0 abs% .675.2 b~b .d8349 ddodb .dsoo .barb

1le60.V000 .94ti8 Vsbjv *tO74 y9%99 Yv612 yv8e0 *-8e V64elf .9829

175O%0.UOO *9 .9v t 1944 Vfo4b9 *99%be y*994 .9vb%3 vv9t) *9A.12 .. 4105

2250.0000 .9985 V4,4 *9*7 .99*98 .9.).h .9989. .990 .9,01J .99*99

3000.0000 .94b2 .V990 .90960 *9v?l ..9972 .9-o72 qV72 vv?12 '.v473

TABLE B23 SUMMER
CONTRIBUTION TO PCFLOS (A.HI DUE TO LOINE9 CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 Dkt.. 101 OI( JO OEG 40 ut(i 50 uti. bp UE(, 10 Iutb 6O Cit6 90 LiEG

es.0000 *99s0 v995? .9s5J .4954 .99b4 ."9%' .99%'.. V4,3 5 .995ý

7%ý.0000 .991b .9917 V9919 .ov?0 .9e 1 .4421 vviej V99ej .,0,41

150.0000 .vile, .933V .-0354 .440*9 .937d9 .9 .930400 vw3a3 VJ8*3

250.0000 ail I .0883 .A24 .V59 .89*91 ave .4909 .. 9% *9,98 d89qV

.4b0.0000 .6738 .1056 .1Zb1 .7416 *?%1s*u4 .7s77 ./bIS~ .7001

800.0000 Gbe?427 414 *040 .8b28 .so97~ ."Vol .61t QV92* dV34

12s0.0000 .97*9* .9b09 .9Oe24 .9.34f VAJ49 .VO4? .9*944 vd*4bs .9046

17b0.0000 *99?78 . v9t42 .0994. .. 9 .4908 .9989 *9VV0 V9,00 .4991)

22SQ.0000 *99%o1 . 999w, .9992 .9993 .999,3 .9v,43 vvV3 V9v93 .9199.

3000.0-000 .99493 09451 V414*9 .99901 ."992 VV929 V.01pi .99v3 .9v93

CONRIUTIN O PFLS (.H bU T LOER TABLE 824 WINTER. 2
'COTRIUTIN T PCLOSfA.) DE T LOERCLOUDS WITH BASE HEIGHT AT H.

HIMETEAS) 10 DEG0 20 UEOv so 01.0 4 ut.6 b0 Otta .0 UEG 70 6 01. ULG. 90 ut.0

2-.2..0000 .99090 .9992e .VV93 VV994 .4999 VV94 .9994* VqV94 .9994

"7.90000 .995, v9bb8 v99%? ,4f9d .995b9 *99v,9 wvvbv V94b9 .9v5V

150.0000 .9840~ .985to .9663 .961.1 *9816, .9t7, i's/ Vbl 8/I9 .907V

250.0000 .8q99 *9O84 .9107 .VIQ v9163 V17ie .99114 Vlatg .94*94

450.0000 .8'% .116V ./1 *1bus .1691 1.??4l .17,15 .799 .7012

000.0000 .663h. .bboe .evil vott6 908 .9t0i! .9085 V90IS . kj .9

12b#). (00O' .43.- .90400 .Vob? .94*61 .4944 .4130A .9-314 .959? V*ly1

3Its.40000 j9e .9896 vq?11 .wv1j *940 rob1 VV9I's .994 1 vv l

11000 300 .0000 1.00 00 1.0900isopo 1.0000 I.oooO 1.0000 1.0000ý 1.0000

30~.00') *9V6 998 I99. V99b" .998*9 .9V* .98 .U9



NSWC TR 78-143

PINT (A.H) TABLE B25 SPRING LOCATION J
CONTRBSUTION'TO PCFLOS IAJ43 DUE TO LOWER CLOUOS WITH SASE HEIGHT AT H.

H(METLFRS) 30 DE6i 20 DE6 .30 L.. *0ULG ýO tj 60 bU EG TO u~fb elo L. '.0 UE6

?b.0000 .9914 .9917 *V917 ..'.9eo .4420 .9ve0 .,900O VYZIJ

7ý.u0ooo .9,o03 V'i905 .9900o )~vu .09gu *4vos .4906 v'9ud .vloo

1'.0. uOO0 .r.502 .9600 VbIO .4b 1 t ..4626 Yf2 .9bev .,pbl9 .,#b2v

,ebu. J000 .93$49 .94jeb V94,Y .0400 .v4du .48 *,241 .,04d9 .9**90

45U.V0oo .7w1, .6061 .~eee .033d s'~ob K*M41 f#6 I b0416 as#'is

000.0000 b0014 02d 7 .0%.73 .0ý dbb% BIOS6 alea .0145 *b/53

17Sfu.uQOO .98?o *989i: v9uek .''99 *Qr Ie v*#IS ."!'b V'91? Cvl,1

32 V.,u U0 0 .99940 .10989 .wt)9 *.99v0 0~90 *9
9
9(p wou99 .,0990 .9-#90

3000.u000 .9916 .4! .V~bl *9V66 .94bo VV1O q9ru, V,9f1 .9V7j

TABLE 826 SUMMER
CONTRIBUTION TO PCFLOS IA.41 DUF TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) 10 LiEl 20 OE4 30 L.tI. 4u utLC, 10 OL)L oJ UL'G 10 ULit 015 Ut6 9 UEI5

7P.-P. v0 .96? 1 .9o2ý *90e0 ."00 VaOje *.003e VG3.e V6.3e V904

1511.0000 *9v3,,0 v370 . v.S.,I Vjvl Vjvg4 v'*OO V9..ou .104W1 .0 1

Z2,0.30OO .904.0 .90.' .911 v*v1.,I6 *91 s .,ISS, .ib0s Vlbu1 Vleu1

4,50.0000 .7355 .7589 .1736 .lob!) .'3 .149 .490, *I903 .1,00Ivb

eOu.vu00 .9131 vu336 .0613 oh .16 1 oboe$ *6664 .065 od

IeSO.uQOO .937? .9410 v.bf~y .,05e*~11 V5.19 vb43S V95cb .9be

1750 .ujQ0 .9"53 .09959 .VVbO *1vbl .,4466 V1064. .w9IO *,V970 vv'97

?220.00o0 *9#904 .9990 vv,97 *100 *'99 I9. .9990# *9991 *9w90

3000.v,000 .9V50 .99!)d .9Y63 .v,44bv~o .v1 91 .92 .99#.I

TABLE 827 WINTER
CONTRIBUTION TO PCFLOS IA.HP DUE TO LOWERA CLOUDS WITH BASE HEIGHT AT H.

I4IMETERS) t0 uEl, 20 DE40 30 (,ili 40 uEv b0 Dli, 60 UL, 70 U~u '30 DLG 90 uEIt,

20.1,0 *95. .9955 .wv" V9~ vo vsh1 .49.)V V-)"0 15 0

7,.0.u 0 .99q,41 *91 .9 .9907 .4##04 v0 .9%6 .,861 Vb" V (a0 *904 .9vad

1.u00 .91773 v9eb .V793 .',19 .10"03 .460S vaub Voo .960 901

IooO .4427 V9464 V94^2 .4200 V.51~ le 16 .(01314 .vb22

.5.U0 *7? 71 *156? 1?*77)s 1oj9j .197o ."03s fju39 .d00v .067.

.0.0 *7711 .1401? .614,d *0bd .8J33 .15316 b039? .6013 a*L4~

I eb4.,U000 .94 .4A3 1 vio vo4ul *0 leo .4%306 .9,*? *94 1 .4460

.10 o 9.)911 .V936 .,0.4,? *9yftb *97 0 99.914 *90 *9 .9vb .40 rvv4v

vlUsse0 V~ 9964 *vfo.. Yvf46f V,407 00419a .99o9 V9om *vloda

iOOu.wuOo .997h .M8e .410,3 .VVo.f .. 0406 .vv"? Vvalu *'9"o *vsb

8-10



NSWC '"R 78-143

PINT (A.H) TABLE B28 SPRING LOCATION K
CONTRIBUTION TO PCFLOS (A.Hi DUE TO LOWER CLOUDS WITH BASE HEIGRT AT H.

H (M ETERS) 10 DEGs 20 OE(, SO U~t 40 Lutt )u Dto 04) uh, U 70 UJLUI a 60t OL( 0 ULU.

450.000C .97" .. ~019 .9nU# ..@1a@ ve~ 1 .n25'.e .aOoei Vag 3 gdzj.

7t0 .0 000 .79"'. *di9dti Vo~iI *0@006 )Vau .'75 vvd7J .ISqV0 I Yo7 v

I b0.u0OOO .9750 V*j0 Y7e1m 4 4,3b 1,, *3 *Vfb7 .1@1 VI~b

1750.0000 .9g85S .44-80 *V4, *4vtob .451.0 .".1f .4,3l .'1* 9

22b0.0000 .9"s5 *V961 Iy~hb .*V9 . 4c *17f b ~ w? VVFle VVI *w Vj VV

3000.0000 Woeo~ .~99J4 .'4',42 .. 01113 .V~j ,*b4. V9*',6 V460b

TABLE 829 SUMMER

CONTRIBUTION TO PCFLOS (AM)4 DUE TO LOWER CLOUDS WJITH BASE HEIGHT AT H4.

M(METERS) 10 iutt eu itL. JO Ut6 40 LUe, b 50~ UEU no ti ULU t Jo o n ULG Vu Utu.

""IS30 .913 .Vn V9'ij .9v114 .,yn. VV8S4 lva* *VV66 .Vffaf

150.0000 .967V~ Vbt8V Vb. .4001 *volu,3 Vwiok v~ub V',uo *',ub

4b0.0000 *?.74t .*029 .0146 aeit) oewa5 *,ISOv mje4 034 d** 3J9

"00.U0000 *14j'I .1793 Csoo 1 .8130 me a Ao1 9.)~ .4o aea au3 *aJ1e

12b0.u000 *95*3 .v-.,f .Vaj% .I@-O- .,0611 .46?4. Vcd* VThdl V'bdSP

-2Z50.OoQo .9V63 .4967 Vvhv *.,VlI vy97e .Ii VVIj V-1 *vV1j

3000.0000 .4894 .-Y0 VV',je vve*. .4cd VSo .VV1 *'v~l *vv34

TABLE 830 WINTER
CONTRIBUTION TO PCFLOS' MAI4 DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.,

H(METERS) I0 o oE 20 uEbl J0 Llt, 60 LUtb 'I' uEI, .6v 4J( to ULUb 60 UL6 V0 utEj

eý.0000 .9v7d q9~do .99091 .#do .41003 . 1 .9V@j .,0964 .Vvdb

~0 0 00 .9976 .. VN' VV4 .400',e *4900o .90 VP.u 090 Vvd V~o V

I S0 .v 0 0 .4~ .6 v47 .wl i *1,7sv V',ft .,0be .4,16b .90785 V16ti

250.U000 .938 .v4 3b .4by *941b V9067 *,441 .9,4v*j Vftvb

450.0000 .78416 dO3? Glml1 .debb .. ,dJ#d .4ilk .143,47 .81410 .6017

800.0000 ?46-b .IUIf .1/$to .190je tqvvl, pt'132 *d I5 .83011F *W0170

eb0. 0000 .4001 v~ I . Vj,07. .,#60 .937.. *9309v Vjv *e3V9 .,0I

I750 .00 00 .#tie1 .4b.0 Vbbv9 .1,886 .061. .,#aIf, vote v *9IV .Vad

2250.0000 .404 *904I Vv vi *,v,,e .v99#J .4993 .90VV A .9,13 .9993j

3000.06000 .@e *v'eII ..Ve0 .Qvd? 7 ~ j .- 0.031 V93 V,~s .',wTvjk V3



NSWC TR 78-143

PINT (A.14) TABLE 631 SPRING LOCATION M
CONTRIBUTION TO PCFLOS (AHi4 DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

M(METERS) 10 DES 20 DEG 30 0ES 40 0(6 S0 0EG 60 DEG 70 DES, 00 DEG 90 DEG

25.0600 .96S2 .9055 .98S? .90ss .9040 .9040 .96640 .906# .9660

75.0000 .9993 .9993 .9993 .9994 .9994 .9994 .9994 .9494 .9994

150.0000 .9663 .9049 .987a .90Th .9070 .9070 .9979 .9079 .9479

250.0000 *9670 .9700 .9713 .9725 .9731 .9734 .9136, .9737 .9734

450.4000 .7902 .0102 .6309 .61*10 .0471 .0496 .0517 .0531 .453S

0.0.00001 .6074 .7241 .7400 .7460 .7745 M7?1 .00M .TOTS is"

1250.0809 .9212 .9316 .938? .9435 .9464 .9479 .9409 .9494 .9499

1750.o000 .9949 .9957 .996Z .9965 .9967 .9949 .0969 .9470 .99i0

2250.0000 .9964 .9964 .9972 .9974 .9975 .9976 .9474 .9476 .9,074

3000.0000 .9974 .9902 .9903 .9907 .9900 .990 *V99041 .99,08 .9992

TABLE 632 SUMMER
CONTRIBUTION TO PCFLOS (AHI DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

HIMETERS) t0 DES 20 DEG 30 DEG 40 DEG 50 DEG 40 Deg 70 M111 to 0(0 900

Z5.S000 .9545 .9555 .9559 .9564 .9569 .9569 .9549 .9"49 .9569

75.000 .9944 .9944 .9940 .9949 .9950 t99ss ."SO, V9950 .9950

150.0000 .9593 .9609 .9610 .9627 .9633 .9634 .9436 .9S34 .9643

250.0000 .9292 .9333 .93S9 .9361 .939S .9399 .9403 .9640 .9404

450.0000 .6074, ?3s0 .7325 .7444 .7540 .?505 .7411 .7619 .7635

000.0000 .7910 .0144 .0295 .4040 .8473 .#S0S .0s&? .0561 64647

32110.40090 *9706 .9744 .9773 .9791 .9001 .9000 09411 .9414 *gals

1750.0000 .99S2 .9940 .996S .9960 .9970 .9971 .9972 .97z .9,072

2250.0000 .0990 .9991 .994a .9903 .9994 .9994 .9994 .9995 99

30600.000 .99413 .9470 .997t .9"To .9900 .991 .9441& .902 .9905S

TABLE 633 WINTER
C ONT A IUTION TO PC LFOI IA.) DU E TO LOWER1 C LOUD$ WITH BASE HE IGHT AT H.

HIMETERSI 10 DEG 20 0(0 30 Off 40 01i s0 DEG 40 0(0 70 De0 00 0(0' 90 Dee

I5.0000 .99n .9974 .9977 .9977 ... 997? .9977 .9977 09977 .9916

75.0000o .9997 .9997 .9997 .9997 .09997 .9997 .99907 .9997 .9997

350.0000 .99S1 .99S3 .v9se t99ss *99ss .495 .9946 .9994 .9996.

250.0000 .9080 .9795 , .900S .9013 .9010 .9020 .#"a& .9si3. .9023

4110.0000 .6944 .02117 .764*4 *7590 .7470 .771? 07744 .7743 .7770

000.000 .6777 .712S .7351 .?Sal .7623 .7470 .77411 .7724 .7733'

30.00 .9"48 .9407 .9607 .9474 .9491 .9100 .9709, 497619 .97111

37e0.00. .9991 .9993 .999* .9V94 .9995 *s99s .994s .0999. .999s

1220.0000 .9990 .9990 .9991 .9991 .9992 .9993 99993 .9493 .9993

3000.0000 t99ss 4997 ..goes ..9990 .9990 .9990 09993 .94$91 .9991

5-12



NSWC TR 74-143

PINT (A,H) TABLE 834 SPRING LOCATION N
CONTRIBUTION TO PCFLOS IA)4) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

bAbL NT in Vt'. d Dfu JO ut,.u 4w ',tL "tU ou ut L 10 utA, dfU OCD vu ijtb

,~u. u 0 00 .4,001 .,OUO- 72le 1~c It l i. ~ ie .iIn Im Vd

90U.0000 I*Je~ Flo .,u'.0 .*cob Ojt w-)ul .6jJl e

3uOu.(#000 40(0s - *Qs-0 *.,-v, *..., *Vr0o .v~o *ve V* SoV c. *VV?U

TABLE 835 ELUMMER

CONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUDS W;TH BASE HEIGHT AT H.

-- t qf 10 Df(. ".o ýLk, 34 Lýtlk-;..~~ 't..v at, 'rl. $ LL k 4. e u t iL~ .tb

I~b .30 VII' 1.00 1 -" u" -jt ~ S.I ULI, In( .o -La .q - Ig uto(,O I fu .p It '. v U

1,3u. 0000 *., -" .vqvj j... .. 1Vn .41V 3J . -#Vnj ..,'10 VV *wvvj

eso.v000 .~. *V$ 951 Ve-ýI *qee .Mt' *,,.,I q'M1V V42vI *.6U

* j1',.UI0 .'.'i, .v.4 ..4V l0v *v,..Vv -4 0, ..-. V, 1,1.L vvvvI( *cVVV

ti0.0000 vv-04). .4v VV, 4# .'I v .- 04 ti so *v -03 V *1's*., *vvb

110.0000 .44-st Vv-#0 .4V# 3 .V41 , 4.0"-v$3v6V03



NSWC TR 78-143

PINT (A.14) TABLE 837 SPRING LOCATION P
CONTRIBUTION' TO PCFLOS (A)41 DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

HiMIETERS) 10 LiE. eiJ UEt, 30 Ltu 40 lj~t, 1 ~ U t tJL( oi (, 1.) u Li I,> L)E u i v0 li~(,

1,3u.O000 .44 .100 V.?O . V. je .4 .,-4e w~s *J~. v~

N(EE0 I tO Ot't.U' 4JO dbbl .0-4 ded . bUt' .- Jn .. ,04-4 10 uu Vj~, o hitA '0.~

TABLE M3 WINTER
CONITRISUTION TO PCFLOS IAMI) DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERSI 1 DtO i ?1) OUlý SO ut'. '0 ,t-j -J Lit'. ttP IJE(, 10 utu a hUOLG~ 'go uE(

e,.ugoo V9qYi v? 14. % 9'? .ýct * 4l *vvje *Iveifa .,Ocf'

Id',.U000 *d-be *.e-t)iv *1'b 4 .6'4f1 .'.bu *Dvvt .440 ..bb

6040.00008-1 ,,j .6 i a-t- uQ le.V*



NSWC TR 78-143

PINT (A,H) TABLE B40 SPRING LOCATION T
CONTRIBUTION TO PCFLOS 1AHil DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

H(METERS) t Otu ev flLo JO to U 0 6 tf , ,tu.: 6L ott tLG 10 ULU. btJ (itG VO ULb

T.CO 1.0000 i.000V 1.uOO .u,0 I.uV0 10ut L.O,00) 1.UoutJ I.00.00 1.0000

1,).U0000 .. 9v*bb1.O, .v ~ ~ .96 ~ 6 .Vb *6

k!).u0000 .90,41 9h 4de" I Vjjb .3wi v.3#qn Vivo .440V

d00.UOOO .6 0j .o3,3e .ob'14 a~7 I 4h .isveu .09I .d9co .va~

125V.0000 .47 .- 5o' -vf Vc7 Vb1#0'3 V~~*ill .91110 .v~d0 .vre6

3000.0000 q*k%!3 .wvb I .VV,lN .,0tq 1*1o) VViou *Va0 10ga *VV

TABLE 841 SUMMER
CONTRIBUT10O#ETO PCFLOS (AH)4 DUE TO LOWER CLOUDS WITH BASE HEIGHT AT H.

HIMETEftS) 10 Ut., eu tit( JO utu 4) ULUt 7ýj .tU ULU buV(I IV Utti 60 uLO vu u~

7,5.u0OO 1.00uu 1.u00j 1.Vu,pu 1.dOo 1.0000 1.uOOO L.uuu#O 1.VuOO l.uoutt

so.U00@ fjbAI# ts000 V.000 1.eoo 1.000,4 L.Ooufl 1.44 OO V- J.O0 .0

l7b.Uo0 1000 .4v 000. -p v ,4 'vvIV lo . -oval. -.o14 1.4004 .1.00t1 1. V000

OIvb 00 .409 .le *ooa.I VV44 . *evý) #sV .v-,a .4-00,2 *.14 lot .VV .

lduU.000 *q41;# .l. V0r VY *e *.JOIv *,#vn Vvs *1'.d M'.s v'v,.. VV

3000.0000 *4 is-. .~b .wve I,- Vf5 v- .4V'E0I V~ .4fttv* VVb n . 010~ 1 u

JO~~~~o.UOOO~TBL 842~t We~ .o .. ,s 4INTER ~ .. J .U

CONRIUTONTOPCLO I)4 DE O LWE COUS IT BSEHEG-1A H
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PINT (A,Hi TABLE 843 SPRING LOCATION VCONTR!SUTION TO PZ-FLOS (A.H) DUE TO LOWER CLOUDS WITI BASE HEIGHT AT 14.
'4(ME'7ERS) 10 lUf6 e0 OE(, J Lji, t 4U Ot nL UL~I bu Li(,* lu ut.. 00 ljtf, 1uU LJL,

72.0000 1.0000 1.00,00 I-uuou I i ~ut u 1. Ull Of I.oui. iui, . uuV h.wuuo I.Cuou

Iso.UUOO .98?u? . .~v .. voey 4 Ul~~ *.044 .~1#

a e 0.Vi000 v*e V. 1~ o4 I V* I' U V4 I I ~

.70.o 9'A0 .vQe *ý9i' I ~.' *ts oe .vIe i 1*v u J.r ~,3 .4 oe

TABLE 8445 WINTERCONTRIBUTION TO PCFLOS (AH) DUE TO LOWER CLOUJDS WITH BASE HEIGHT AT H.
H(METE MS) 10 Ut(1* f 20 ýL id j u t, ' j 4 JU 20, n( A bi. utr l0 firt, d4 ).. UO 10 ut~o

25~.V000 1.000 1Ou i.m ~ v'4  yu a.)uoo V4. , fso-tuIa'3v aIt1.60 0 . y m v ? 0y U VOil l. ,OtjO 1.cVvou
r,!) uo ,*000 .9pps V14 v Iv~ vvf ,,0 -C vvv Cy~' V.Vej **,c *'v

250). u 00 .99 .le v73 .0il *e 7vi ý3 rocj #/toJ iI V.m lb Vvbb

1Vou.0000 *4Is I ts .l~ .dld 3~U do bt Iva two

3000.u000 *Qlft' 'g41 *#W~lfl 100114 9"6 Vdlug vnl V. le v Io

TBE845WITE
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APPENDIX C

PCFLOS (Ai, H-) AND PCFLOS (Ad)
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PCFLOS (A,H) TABLE C1 SPRING LOCATION 2
PROBABILITY OF CLOUD-FREE LINES.OF-41GHT. FROM THIC SURFACE TO GIVEN HEIGHT H,

HEIGHT H Ito 111,1 "'j 1A j, .S.J uj, (I wt', '.' )tka buý ue., to utk. all UL6 vuj utt

3 0 J 0u9( vale'4 .~u Vb1*4 */9j1ý' .vabl vdboot V.lUOg

HEIGHTj di o ItILM ,U j 1~' .i.~ P,) a0 nW3 nwbt d~v srU~, Il tz ure alljo

I j0U .IjQ0, 111 1 t4*I vt lO .'.ll *4vvy adsf *bietr .'u .0.1111

IOj00. UO(I *99b .*lM4 1c; II Itov .4 614 .4eI#7it .0ejo .8201 1

300000 .177 VOU *bj' .w~i .0D131 .141-1) dd'e3 .616V .6

3 500. ut,00 6811v 0Q494 .Ij .oo.O .0'IAU .19V'I fivelp *VUb .010V

TA8LEC2 WINTER
PROBABILITY OF CLOUD-FREE LINES-0F4101IT, FROM THE SURFACE TO GIVEN 14EIG14T H.

*HEIGHT H 11" 041- ? ,1') ** Ju uLt: 411 ULt. ') Ottit ou 01:6. to uJto au 01:1 Vol Ut.

(METERS)

200.110000 .*9.. .,0413 .991" .V916. *9917p -oY*#/ .4v910 .9998' V1#41

200.0000 A*9, I .I1"A .1161v v0,'3 .961.0 .46 v*Vi .96,46 .903,

J001011000 .8307, *ssmb .6vu4 jv041 diolb .11. i#u45 vQ941 .9mol

1000.0000 a lIe 1) .*9#11. .61J's .dk'I .*911l *.90vto .0vlg Vouo~ Voub

25009.40000 a.4~ *o9,' *.6M14 .!Sr1 I 13 d714 .7709s~z .'1918 .svel

75000.10000 .111 it III~ 4'L to AovI'je*1vs .61 1 .40954 Ovb10

3Ou0.VQ0I /1, so */fk dll .4-0 OD4'1# */*Jai .10 .0100 dooletk .6486

TBEC3-INE
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PCFLOS (A,H) TABLE C4 SPRING LOCATION 9
PROBABILITY OF CLOUD-FREE LINEII-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10) Uku ,'0 Ot b J ju Ott IbU UL. ,u ILL, 00 lit ii 10 ULUb b0 1kG '0 UkG
(METERS)

I OAP .v000 *9".4 *VHQQ V8,12 va913 .9M * 0' 9h'% *gdvb .9895 .'1d'I5

20f0.0000 .'4b4 *4,Aanbi lon .14d9 .'bo'1 .'1aVi .916V3 VO94,

30U.0000 .0461.i .0769 .0m,QI . ab!51 .8ttob .14"V" .dVul .89116 Ovu?

600.o0000 *?;'t) OQ04i7 *I L .# . lefl 13. t .1%01 .14 IV .1447 14

150u.i0000 .'Iblu .0j Dj4Ie .hbe biSU7l hhbl b8vi *blel .6131

25,00.U0ti0 1,36, *,Nw40 .ai19 .0jek .04ipt *oku .6211 btolu *b"13 .

35OU.bV000 .4.4abbo I~l tM1 abOtu .',ge I fted9ft .6i40 .63b0 biv'?

TABLE C5 SUMMER
PROBABILITY OF CLOUO-FRE3 LINES-OF-4IGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H .0 MUH PO tl-u J0 ULUt 40 Ukb. 13 ' U t:(I b0 ULGL 1U Ub 4(0 ULG '10 UEG
(METERS)

30ou.000 .9i0v .vfI.' VV937 .v9vj VV113 .- OVV3 .04103 .,Oqj vv93

Ioou.UUOOu .134'. Ish, *e07U .8i!44 .83%9 .6417 .db .8 4644 .440*4

1-300.0000 .71mk' .1h?0 .14-0 .8134 .*.2% GJIS O~jd o43oS .8396

*?000.UuoO .10Th .?'Ppb ./s,1 O4bd *hIr3 *#.e4h4N 64eb4, .0319 .6330

?0.3 o 0 .o4o .6Qii .1340 .//on .1,4r *0ba m14's .8164 d4UO .8eid

3-3~0U0U000 .*~t b,434 .ieri *.1529 .f,19 .1fil .1 lobe .1091,

TABLE CS WINTER
PROBABILITY OF CLOUD-FREE LINE"-F4IGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H in U~to '140 IIE, Ju Utot 4v LituA bu UEua so UtG 7U Iati .00 fjLG vO0 bL

* (METERS)

* 00000 0t4 .'Ov I *f Vvd .4419 .4ven .4venf *o'1ev *Vlf0 .0020

1001.0000 *0-b14 V0.jj V%4 *044 4V462 .144 .44 V04bs *wbb

300.0000* 714#%bl d0&I6 Gufjj .5119 .'j4o1 atL Oeibb .61"4 Vlbv'

600.0000 .4t.~' .4.4;- .2hf0N tp-j tb:1*8 J' * .-JNb413 1~.9

1000.v000 . .1.0 *J'q .4141 .43j? *4ýj8 .&oil .144.S .**'so

*i000.4unof .oi.'. P43'; ..36P4 10u .4216 .. eln .0e6.0 .*3.ev .##JJN

'35000.uvu SI j .J3* .J10-w J-0.41 .4084 .6444 .11 l 420 -b~e2,

C-3
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PCFLOS (A,H) TABLE C7 SPRING LOCATION A
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEb 20 DEG 30 DEG 40 LIEG b0 LiEG 60 IJEG 70 utG 80 DEG 90 uEb

(METERS)

50.0000 .986V .9872 .9073 .9875 .9876 .9076 .4676 .9 1`6 .9876

100.01,00 .9702 .9710 .9715 .7139 .9723 .9723 .97*!3 .9724 .972,#

200.Q000 .9125 *9162 .91as .9203 .9210 .Q21 .92i!* .92e5 .9*e26

300.0000 .8167 .82S5 .0307 .83!)l .83b3 .A39Z .6398 .8403 .8406

600.vOOO .4873 .5249 .6486 .503 .5789 .S87 .Saba Savo0 bv0o

1000.0000 .3442 .3977 **319 .4681l .47.9 .4609 *4obs .4686 .4v00

I500.0000 .2987 .3671 .3946 .4i!31 .440? .4479 .4b29 .*463 .4bb19

20.00 .2931 .4520 .3900 .43188 .4360 .4,09 .44,00 .6*b4 '.4b64

2s500.0000, *29i0 Jsol0 .3s83 *41?1 .43,44 .4423 .4*13 ..5ud .4b24

3S00.0000 .2829 .3433 .3d22 .4111 .4292 .4373 .44*5s .04a0 .4%79

TABLE C8 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DE(6 20 DEG 30 DEG 40 UE(6 50 DEG 60 DEG 70 UG no DEkG 90 IJEG

(METERS)

50.0000 .9919, .9921 *9922 .9V43 .9924 .9924 *9924 v9e*4 V924

100.9000 .9188 oV794 .9797 .9800 .9802 .9003 vd803 .80j V9803

200.0000 .8908 .d948 .8970 .8990 .9006 .9009 -90 11 .,0012 .9013

300.41900 .7920 .800b .d05s .8099 .6131 .01133 .8144 .083#7 .83.8

600.0000 .4#727 .50* .b25s .5422 .55S21 .. 2bs9 btlad b6.u3 .bb09

1000.1)010 .300v .353k .3826 .4076 .4239 .42413 .4328a .0363 .43be

35041,0000 .2b11 .31In .3462 .3132 .3888 .3vsr U44U6 .-ioiz .4944

2000.u000 .2b41 . .092 .3440 .3112 .3,869 .4939 .4989 .401to .4ve/

250U.U1000 .2521 .3076 .4426 .3b.09 .385 7 .3901. .4v/b OOU4' *.0

350U.0400 .24.71 .3033 .3388 .4665 .4824* .389. .44 .93 38

-TABLE C9 WINTER
PROBABILITY OF CLOUD-FREE LINES.OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT"H.

HEIGHT H 30 LiEU 20 DEG. 30 UEG 40 uEUi s0 DEG 60 l)Eb 10 ULA "U. DEG 90 l~b
(METERS)

50.0900 .9973 .V972 .99 12 .9973 .9973 ..e973 *9v13 .199(3 .9v?4

1,00.u000 *995. .09955 .99S6 .41)b7 . .9956 .99sb .9958 .99b8 q996&

200o.9000 .466S .9678 .9666 .9693 49697 .9699 .9699 .1700 .*0/00

300.90000 .8672, .4733 .8770 .8801 .8622 .6282 .88J2 ./863% .8836

600.0000 SI3I5 _.b503 b743 .5933 .604S .6094 .6196 .6147 .&IS'/

1000.U000 .3507 .49,62 .4436 ..4686 .4644 .4937 .4965 .49%6 .!6933

1500.0000 .2825 .344? *3a45 .4149 .43Z3 .4407 .4461 .4495 4!212

2009.0000 .211's .*40e .4803 *4398 .4295 ibJ69 .4424 .44b8 .6447

2so09.1000 .2715 .3402 .3803 .4106 *42a5 .*449 ý.44J4 .4466g .*445

3S09.0000 .24.9 .3379 .4182 .4069, .4267 .61S3 .*406 t*6% 449

C-4
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PCFLOS (A,H) TABLE CIO SPRING LOCATION B
PROBABILITY OF CLOUD-FREE LINESF-OFIGIT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEL, 20 DEG 30 ULU 4#0 &I~6 *0 O~b o41 UEtj 10 DEG So DEG 911 UEb

(METE AS)

b0.0000 .9471 .1048? .946? .*993 .9490 *49"9 .949l v94va 9*909

100.04100 .0441 .v*62 .4487 .94V3 .9496 .44944 .94v6 .V4V9 .9490

100.41000 .92?6 .V?47 .9259 .9269v .9216 ve2l9 Wdc6 V92bo v9ew0

Jo.304.000 .812b '46212 .826S .6310' .8342 .3s~o .83b7 .3614 .0636

6041.41041 .4713 .b049 b~253 .Sol# .SS26 .sb63 sb#69 s6646 .bb3

104100000oo .2S16 .3003 .3402 .465% *368i .301?7 .3V,9 .39ko *3966

l,jou.u~oo .2412 Z2985 .J330 .3S66- .3730 .3791 .3033 .Job? *30?2

2000.41400 .2*44 ..e960 .e426 .3boi .3708 *3168 .3o11 .3840 .34650

2600.41000 .23a9 *2?9o0 .323b .3495 .3662 .0721 .3766 .37,0b .360b

3604.41000 .2.4i1 .42606 *I4a4 .340 .3S79 .3643 .360? .3117 .372V

TABLE ClII SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-4IGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEOj ;)o Ub 30 UE(, 40 LAG 60 DEG 641 LiEG to AL. d41 LG V0 LiEb
(MAETERS)

641.41414 .1643 Oafi? .0619 .6691 .8903 .8V903 d6903 bVU43 UVU04

*041.41410 .881b o8140 OdS2? .86S6 *6677 .887? .807? .6o1? *6411

1.00.41000 .8?S7 .630 .*32S O6347 .63b7 .86V NJ9 .849 *310 .6371'

300.41000 .?O0i1 .1137 *1196 .7262 029e. .7J03 .1306 .13131 I141

6041.v4141 .4318 .6600o ..l .006 So06 b6u4* .5063 boll1 buoe6

*400U10 3e4 .3616 .46%? 64 .,41S9 oeoI *.4e29 .4260, .4ebb

Iti04. u u10 0 .314h .3511 J776 .3,46S .40142 .,.13S *416b .4 16bi .4191

?4104.41410 .3091 .34as .332 .V392 .60lo6* . o19 .614 .1'4& S4*I

o v .4)v o0 .3030 J34?b .3616 .3013 .%003 .4048 .401K .40V9 .4106

3sU.u4u0o ..2668 .416 .36013 *3bdz .37b4 .41oil .36bl ot .3 000*414

TABLE C12' WANTER
PROBABILITY OF CLOUD-FREE LINE".F-4IGHT, FROM THE SURFACE TO GIVEN4 HEIGHT H.

*HEIGHT H in) ota, 241 I~u. J0 IOt~ 40 UI(s 211 oeA, 641 LAD 10 lAtG do6 (ILL, 90 Lt (
(METERS)

641.uvo41 .95s3e .46,42 ."*41 .963s* .40%b .4*666 pb66b .9'66 .6.

*100.0000 .052,1 ."Is6 .b93 V .9544 ybov~ .4"4 .69 .5040, vllov

,041.41000 .43,q0 .39S 961 .4400 .4? .9417 .9417 .96*7 .96*vot1ol

300.414141 do461 .813,0j .0b63 .669 I 62 ofte db9 hb633 .8663 b*

600.0000 oz21b .4646 .6676 ."bb6 .ý186 .%.229 b62d9 be*0*.2

1940.400100 .PZP3 .063 .j*L04 .3je% .3648 .34 1 .36,10 *3661 .31011

164141.41410 .21*69 .,ebgs .s41. .3315 .3689 .. 4135S 46041 .4631I .304*

no 041. 14140 .24 j .2692 .3037 .33*z .34f? .3"6? "SIN8 .3bd9 .3642

P"00410000 Z2123 .eojy* .4016 .3212 .346 .3b33 .36 0(d .341e.42

3$011.4,1000 2094 e26*6 evlo3 .Jell .%% T .3t*4 .36 .3690 .b3o Jbv

C-5
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PCFLOS (AH) TABLE C13 SPRING LOCATION C
PROSA131LITY OF CLOUD-FREE LINE"IOF4IGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DE6 20 DEG 30 DEG 40 Utt, ,o UoG 60 UEG t0 UkG 00 D0G 90 uEb

(METERS)

b0.0000 .9116 .913b V9144 .9153 .914.2 .9162 .9162 V93bz .01*42

Iu0.0000 .9107 .ý125 .93iJ .vI#4 .0I|4 .vIb4 .9154 vl!4 .11154

200.0000 .88S9 .88047 .902 ,BVL6 .89a9 o4930 .8930 .6941 .8931

300.0006 .0080 .8161 .6204 .8241 .8271 .8277 .414111 .8624 .#gob

600.0000 .5670 .5963 .64?7 .6c92 .6368 .0422 .6464 .6462 .6460

1000.0000 .3679 .4182 o*sII .4153 .(910 .4914 ,S@13 .5045 , SuSb

IS00.0000 .3458 .3961 t,323 .4515 .4137 .4804 .. 4464 .4816 .4691

Z00G.0000 .3388 .3916 Q262 .4516 .4680 .4747 .4781 .4622 .4435

?500.0000 .3270 .3808 .I161 .4419 .4S86 .4654 .4696 *47J0 .4144

3500.0000 .2991 .3S59 .3930 .4203 .,b3?? .4449 .*493 .4529v .4tl4b

TABLE C16 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG ?0 DEG 30 0(6D 40 DEG SO DEG 60 DEG 70 O(6 60 0EG 90 UEG
(METERS)

50.0000 .8316 .8351 .0369 .8386 .8403 .8403 .6403 .8403 .8403

100.0000 .8300 .8343 .6361 .6379 .8396 .8396 .0397 .8397 .6397

200.4000 .7916 .7965 .7991 so01s .8039 .8040 .6041 .6041 .6u4l

300.0000 .4074 .6974 .7031 .7002 .7124 .1130 .7135 I1lia .1139

600.0000 .4103 .4404 .4577 .4711 .4819 .4645 .0404 .4617 .4661

1000.0000 .1eb86 e99S .3253 .3453 .3591 .3035 J.604 .j6us .3693

l00.0O000 .251b .e930 .J193 .3396 .3536 .3541 .3011 .36J2 .3041

2000.0000 z249;# .2915 .3179 .3303 .35S24 .3b69 .3599 .36d0 .3609

2SO0.0000 .2443 .'865 .3132 .3339 .3482 .358 i3b%? .JS19 .3b56

3500.0000 .2?03. .26S4 .1941 .3162 ,3311 .3362 Jig* .3618 J*214

TABLE C15 WINTER*
PROSASILITY OF CLOUO-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 1E0b 20 I1(6 30 0O3* 410 V6 'S0 DEG 60 U16 10 DEG 60 OIL& 960 16

(METERS)

s0.0T00 .950 .V606 .90010 .9014 .v6v .96I10 .9014 .*1 •o*l•

100.0008 .9S97 .9606 .v1i0 .9014 .9610 .9618 .9016 V•1 a. Vejo0

200.0000 .. 936m v93ft -4394 ..0403 .v*10 .9411 .9411 .v4iz .91

300.U000 .866b .07?S .6161 .A"5 .i.820 .6462 .5617 .0628

600.0000 .5496 .5*60 .6074 .e14 9 .63S0 o6600 .617 .0650 .04b9

l00O.U000 .3fb5 .4035 .4429 .o105 .4510 ,g9S .V4| .0133 .W049

IO.m0000 .3321 ,J912 .*Joj .4", 6 .41,1 b .46J .44114 .4%e4 .440

?000.0000 .3293 .i.g .61o tbbfo4 .4141 .,#dig .4664 .%904 .. 4vie

?,-A00. uU .31 .3 e~ 812 .%A6* .6btoe .411,9 .4500 .4,"2 .4893j .*4409

3500.4,0000 .3I1 .e3172 I4l?.% ."411 .4j95., .. b19 61,es o.rb ./d

C-6
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PCFLOS (A.H) TABLE CIS SPRING LOCATION 0
PROBASIITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEiGp#? H

HEIGHT H 10 DEG. 20 0CC 30 DES t0 DEG SO DErG 40 .CEO 70 DEG. so DLS 90 0CC.

(METERS)

50.0000 .9669 .9691 .9692 .9a93 .9895 .9095 .O0evs .0989 q"t95

100.041104 .9082 Vass5 .9666 .9088 *o089 .9809 .9069. V4689 .0800

200.0000 .9611 .9817 .9620 .9oZ3 .Va2b .9026 .94,eb Vad? 9827

3011.0000 .93S7 .4403 .V433 .9456 .9472 .V476 .9482 .946s .Q486

600.10000 .657b .6893 .7102 .7250 .73S5 .7398 .742S .7446 *455s

1000.0000 .4194 .*789 b51ey b54l .b64S oS727 .5776 .11816 .5634

15011.0000 .6307 *.062 b503S .5326 .S506 .5S9) .S6##Z bbb?2 *!,l

20001.110000 .3972 .45.) Soob6 t.Z99 b54dO 56S .5666 .5657 De67e

2s00.10006 .391S .044. .49S9 .SZS6 .S438 .be5 b76 .S617 .564b6

3500.0000 .3660 1*'314 .415) .S06z 52S3 .5342 .5396 .5439 .546ie

TABLE C17 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DCC. 20 DE6 30 0CC. 40 0C6 s0 D&t* 10. u~b 11 UCG 00 OLO V0 VEIN

(METERNS)

511.01100 .*940 V0o01 9S 14 .9b19 q05Z6 *0525 .9%eb ."d5 Vb52s

1011.6000 .9498 .9508 v0514 .0519 .9524 *9"2s .9525 .9055 .9s22b

200.0000 *93Z4 .03*0 .V349 .0357 .9364 .9365 .936S .9365 .036s

300.11000 .6649 .0699 .07e9 .61S4 .01`73 .8?77 .07#0 .. 09 613

600.11000 .60Y0 .6362 665.0 .6669 *67S4 .616'r .61107 .68d3 *6820

1000.0000 .6280 .4797 .b)4s .538 .b52r Sbl0b .563b .5667 Seel''

1500.111101 .4196 ol7)e .b04 .5J13 .5666 S5537 it51 *56u9 .5020

20011.0000 .4170 .4703 b5bl *SjQO S-bb* tobes bbbb5 .bsv .56)o3

2500.0000 .41 I11 .4440 b5002 .5964 .5399' .Soft Sbpl I .bsf4 b555V

3500.0000 .3866 .4431 *48.6 *s"16 .5?%0 -i517 b536o bo3* * b

TABLE CIS WINTER
PROBABILITY OF CLOUD-FREE LINES-OF-GIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 010 20 DCib 30 V16 40 Ukt, 511 OLO Utb f11 06 8au UL6 V0 uLs.

(METERS)

b0.0000 .49s6 vV059 v.0#4 .4960 .-0960, .o410 .4,066 .4960 .1 V68

ev00.0000 .9910 .V930 .v93e .0034 .993S 4.0 S% v006 Vvjb, .03

J3011.0000 ..04"b5 V05.' .9s54 9!k1 Is ~ o VINS% ".00 .00 v,? Vou

6 0 0.I10 00 .63.0 .0661 .6910 .I0vb .12*0 1i. e .1126s1 .013* .3323

11100.0001 '.Jsmv0 .*261 .*?us .!Pojj *52N36 .se. .5.5.2 .5430 .. 's

?1100.uv000 .4A 0.v I .*but .64303 -54e sj*4 tes? .534 .569

?sOuvQ01 *4 IV *0110 ..ShUl Avid2 ..51(0 ),e I Iih~e .bi5*j?.

C-7 V
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PCFLOS (A,M) TABLE C19 SPRING LOCATION H
PROBABILITY OF CLOUD-FREE LINES-F-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H II0 0E( 20 DEG JO 11(6 60 1,16 50 0EG 60 01.0 10 00 80 Ut.G 90 01.6

(METERfS)

s0.0000 .99s1 .99s8 v9s59 .99b9 .9960 .9~0 .9960 .9460 .v960

100.0000 .99.7 .9950 .9959 .99S9 .o990 .9960 .9960 .,0,40 .9460

200.40000 .9937 .9939 .4939 *9940 .9941 .943 .941 .9v~ 941 .V141

300.0000 .9730 .97S4 .9763 V977 I .Y?76 .'0774 Vfto0 V97a0 v918

b00.90000 .7723 .1929 *006b .0163 .82?5 .8152 .8204 .6202 O*a~8

3000.0000l .4769 *6)304 bblo0 *918 .6077 *6150 .6193 .6ae8 .62444

1500.0000 .44673 b604a *5432 *569s .5604 .59462 .!2906 .604e4 .6041

a000.0000 .4405 .4976 .*371 S5637 .5007 ba08s .5~.0 bq9*9 SV986

2500.0000 .4335 .0913 .53o& .5b/6 *570 .5626 Ws61 .b9lo 59ZY

3S00.u000 .4214 .4011 bes.1 b~49? .5671 S5752 SY799 .5834 .5644

TABLE C20 SUMMER
PROSARILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT. H.

HEIGHT H 10 DES 20 DEG 306DES0 40 D(1. b0 DEG 60 LiEG 70 DES 60 01.6 90 0(0

(METERS)

55.000 0 *99l4' .9964 .9905 .9985 .998S .9965 *9"S6 .9985 -.Vveb

3010.00806 .9984 .9964 .999S .9985 .99e5 .(9905 .996s .99a5 .9905

Z0.00 ~ .979 .96 .90 .90 *91 .9901 .9941 .99#1 .9901

30.00 .*9921: .9v924 .*9929 .*9931: .'99933 .9933 .9934 V9934 .9934

400.0000 .*So? .8759 .093? .9003 .9058 .9091 .9107 .9194 .9130

1000.v000 .4706 .7243 .7461 .7009 .0003 .8000 .alas .8166 .0304

1500.9000 .4425 .7176 .7s@4 .7838 .7955 .8043 .8081 alas, .8142

2000.0000 .4s47 .7104 .7516 .7753 .709a .7900 .4019 .#*A3 .#URI

2600.0000 .6467 .703Z . .1450 .7690 .?031 .7921 .7960 .8004 OU.822

3500.0000 .6268. .6872 .73o7 .7572 .7720 .7013 .7055, .7900 .7V34

TABLE C21 WINTER
PROBABILITY OF CLOUO-FREE LIP.E5-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H,

H4EIGHT H I0 DEG 26 DEG 30 LIE6 40 11(0 s0 DES 60 DEG 70 11(6 so DEG 90 U(0

(METERS)

S0.0000 .9"11 .99%1 *9952 .9v%2 vvs3 .99s3 .99%3 V9653 .VV53

198.6000 .09949 V99s .9953 .9951 .9962 .9962 .9952 .Vqb2 . .992

200.0000 .9928 .9931 .9931 .9934 .991S .993S .9V35 v993s , 93S

300.0000 .9644 .9692 .9707 .9120 v87a. .9130 .9?33 V97J4 v/135

406.0000 .0170 .?410 .1564 .1603 .?7S7 .778a .0809 .1"do Fo83t

1000.0000 .0239 .4017 .,203 .5470 .5440 S5728 67 .5?I 816 .w832

31100.4000 .4086 .4664 .5007 *ý371 5541, .563 0 ,.5601 .01he1 .,l36

aeos.0000o &406Z .4444 ..b00 s3bie .55z8 .0431 .,o80 001U3 .61ev

250.000 .3996 40 s3 .!6299 .641I b5 662 .5641 b6bo4 vi6

3S00.0000 .JOST '.44807 .4v0b ý.e6 .088 So%47 S6ie9 bsolil b"54
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NSWC TR 78-143

PCFLOS (A.H) TABLE C22 SPRING LOCATION I
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 Kra 20 0(6 30 DEG 40 0(6 50 0E6 60 DEG 70 DEG s0 0(0 90 4LE(B
(METE RS)

50.40006 .997? .4978 .9978 .997V .9979 .997r9 ..4974 .9979 .9,079

100.0008 .9961 *9963 .9964 .496S .9966 .9966 .9966 .,9966 .9v66

z~e.440@ .9747 .6758 .9764 .3169 .9773 *9774 *94710 .9177 .9175

300.0000 .8690 .8944 .8977 .9006 .9025 .9030 .9034 .903I7 .9136

600.0900 .514b bg9Lo .6161 .63s6 .(071 .OS24 .6b59 .*S*2 *94

1000.0000 .3806 .4419 .46ý6 .5106 s27? .53bz S*14 .b4bo bbv6

1509.0008 .329e .3q5a .43.0 147011 .4819 .4962 Zo039 b507a ZU-01

2000.01100 .11228 .3901 .4339 .o6so .9843 .*V37 .4v99 .50s4 .53

2500.10000 .321I3 .3887 .*326 .9646 .96.1l .*92S 46 Zue22 59

35S00.0000 .3175 .38s3 .*,e94 .o6b? *.803 .69 .4956 .995 .51

TABLE C23 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN4 HEIGHT H.

HEIGHT H 10 0(6 20 0(6 30 OE6 40 D(6 50 0(6s 60 D(6 10 uLs 60 0kG. 90 DEG

(METERS)

s0.0000 .9950 v9952 .,#953 '.99S4 .#9954 .9955 .9955s .V9b .9v55

100.0000 .9860 .9069 .9872 .-003 .9875 .v67s .gets *9el .9676

200.90100 .4178 .9209 .9226 .9241 .9253 .9255 .92b7 .9258& .9256s

300.9000 .7993 .8091 .*Is* .0200 .8236 vd24o .&M5 .8256 ads?7

600.0000 .4731 .5147 .S410 .b616 S5739 .5792' *5124 *585I .5#61

1000.0000 .3158 .3762 .41s1 .9442 .4613 .4694 .4746 .4779q .4195

1500.0006 .2V96 .3571 .3VI5 *.2f6 .44b2 .95b36 .4590 .46d4 .4641

2000.0000 .2924 JSS53 .3961 .4264 .4441 .452s .4560 .4615 .4641

2500;ou00 .291b .35-bS .3953 .*256 .4433 .4518l .4573 .46m7 09624

3%00.0000 ..2099 .3S32 .3941 .Q47 .4425 .4510 .4565 .6600 .4017

TABLE C24 WINTER
PROSA~WLITY OF CLOUD-FREE LINES-OF-SIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 111 U~t , 20 t 30 LJF6 401 114, so 0LC. 60, vttp 11. uLID V0 114 90 0

(METERS)

l00.vooo v99 -. 94 990 .*9 .99W2 .69 v53 .9"5 993 .95

?00.0000 .91504o .9603 .v61j .963 .96d9 v9631 96 s2 .963 .vb3

300.vlooO d 6141 oleo,620 .66 .1192 .04*0j .0810 .6o4is .0016

b00.100108 Z~r% ."63!i ftj4 b63b4 .6963 .. 57 .6566 .1b613 aaee

l000.w020 .4010 .061? ."4s% .5390 .%51 .5e9 . i .Z6664 5109

II,0.vo0p 1I3,54 .4 .449? .9621 ) ~I u .1071 .'306% t204eft2

2000.0000 .3319 .0014 .9468 .0(144 .610044 .,306 J- ZsI3 .140 .524

0509 .U0000 JJ19 .10014 .0466 .41V4 .4969 I,6 J.'#3 Z114 bco0e.

3500.v000 .3271 J3913 .4433 .4160 .195l .1069 .5106m Zion0 .'211,i

C-,
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PCFLOS iAHJ4 TABLE C25 SPRING LOCATION J
PROBASILITY Of CLOUD-F11EE LINES-OF4IOHT, PROM THE SURPACE TO GIVEN HFIOT H.

HEIGHT H 10 Urt. b0 I',I Utt 4~U uu'6 Als bJ~~ it £Jt£i IV 0L6s a OLS 90 j
(METERS)

Iuuj0 4i .If .vvi .10,1 .-*Qdo ..99e0 Of0 .~9948 .vdIu

30.e9e0e .41my ts4 .OOdlIsI .41oij .6933 *.0jv ove0j .V0144S a*V*

300.0000 DbIij *.69,10 1 1.1b *1.J .no. .oj*S lie .w1w1.143

100O.0000 .11,6J 1 h.T tol-s b.I., */J Ieu **016 .61851

I%0Qu.IJU V I.* .*oI 0 40-A .,)evJ .. 41 .. bfb St*@ .16b
4
i *bowl

jguu 30 .JsA .411-40 toe u .-1,415 .,3480 *!bj7 *b'SI bV*

TABLE C26 SUMMER
PROSAAWLITY OP CLOUD-FREE LINES-O-SIGHT, PROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H £0 Otis v'U L)S' JQ uku~ * LAOS wU U)Eb o0O L6 to utti be, ut. va ULU,
(METERS)

100.uv00 .?10f0U .dJ£ .4L .l,o~l .- #Ili vd.3 .M171 .5(01?

1009.IV00111 ... .It .%Joe *4 *I.£ *PF .41VO *4"Ua .0030

),O9.uuoo ** 'L *J.ill 4S~ .%.eye .eel% .4c .0.440 .4460

P000.0000l e I J.4ftr .14 o. vu .41lu .4944 .*eu,u ft 39 .0134

1S0u.UOOft .111 1s~i fellg J0 0. .lij *I.j I Ij - .. ov .%.269 .4oSO

TABLE C27 WINTER
1PROGASILITY OP CLOUD-FREE LINES-O-SIGHT, PROM Tilt SURFACE TO GIVEN HEIGHT 11.

"4EIGHT H I it Ut' 4 .Iu44,f. 4'**" I-u 20 J)tt. "0u OttI. IV wit, 00 ;)Lt. We U~b
(METERS)

~ *w.~ vv.. .. *0ga *.v,4asf *00l.. .*wee *ot~b

100.0140*v5 i-..e. - .-. ehivi Ie~ sw, veii4 Verb

p*u.11 .... .. - *.5 *w,*£ . *

C-10



NSWC TR 78-143

PCFLOS fAH) TABLE C28 SPRING LOCATION K
PROBABILITY OF CLOUD-FREE LINES-OF`41GHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEli 20 DEG 30 IjEG 40 u(41 60 DEG 00 1)16 76 Dt.G 60 DEG 90 OE
(METERS)

60.0000 .9782 .9798 .goo? .9815 .9619 .voz .9,622 .96it3 .9VZ3

00106 .9706 .4783 .,#7v3 .94001 .605O .9007 .98049 .9810 .9010

206.0000 .9501 .9526 .V5.0 .9663 .9560 .9b63 .956b VS600 Vb60

3841.400011 .89S6 .9606 V9034 .9.6 .9 *oIS .9:79 .9003 .VO64. .9060

6008.160088 .66590 .092b .7097 .? 23 .72~ .7 33 .73b4 .?368 .1376

1000.0000 .4490 bO04b .b.0o b,60 SSO6 SS03 *vi!6 b9by .SV7*

1600.0000 .40SS .4649 .5042 .63)4 .5472 .SS54 600) .)6034 .5052

23000.0000 .3913 .4526 .4933 .$leis .3?8 S.640 .6SIZ .b57 .5660

a500.1060 .3867 .ft447 .1#899 S5183 53*8 S6435 .5484 b6519 .5!238

3500.0000 .3766, .*441 .0641 .5133 S6301 s6389 s54j9 .547, S*964

TABLE C29 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF4SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10' 0EG 20 DEG JO DEG 40 1,tG 60 OIG 00 0(0 744 UtG d0 0( 90 UII.

IMETERS)

50.4000 .9003 .9903 .9983 *9984 .9964 .9964 .9V64 V9664 V*94

100.0006 .9934 .9937 .4938 .90.39 *9940 .9940 .9940 .9940 *9940

e00.10000 .96)3 .9026 .9033 .9640 .9645 .9045 *9646 .9646 .9647

300.0000 .9039 .4007? .9099 .9)11 .9131 .9134 .9137 .,*lie .V3V

069.10000 .0648 .7)06 *0245 0353 .?41& .74*3 .7461 .14I2 .7017

1009.0000 .4373 *.699 bit-bS s*V90 *629 SI10I .5746 .$?Is S1089

1600.0006 *90 .396 .4495 .#Pas0 S149 .0300 .5302 .543i! S.620 bo4o

2000.4090, .376? .4366 .4104 b6442 *6198S .5283 .53344 .63006 *6J36

?S00.0000 .372V .4332 .4733 .5013 .bi1l .526 ..6308 b340 bJ636

3500.41000 .3622 .4240 .4050 .4931 .S098 68 .510% Sel b621f *6190

TABLE C30 WINTER
PROBABILITY OF CLOUID-FREE LINES-OF-4IGHT, FROM T14E SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 0(4. 20 006 3Ou~ 0 ).*. 0 .li so Oi( 6011 0 IJGto bt o0 .uts 90 0(4.
(METERAS) .

649.4100 vv97o ..9960 .946) .0899 8V93 .,#V83 V9o3 .94114 .99v*

)00.oOO0 .9V6.9%9 .VV01 .9902 .9903 .*d961 .V064 .,9464, .9964

200.0006 .9692 .970?0 .974 Vldt) .V7eb V127 v led V97dv gtz.#

300.0960 *vovo .940 1 .9'b )1) .,0 )97 Vii .92) .1) **vez. .9214o~ .dle%

00.00 .96 .1)16 .1 351 .148 .?Sao Ibvft. .1619 ./034 ib*41

1000.41006o .4j10 .4905 .6161s .5160 .5605% .- Ilim .14b bG643 ."IV9

,00v.0000 .JSFI %b1w 110 .04406 .,0 J* .,jilt I60 .620 .6110

2u000.%N0000 .1,06 .t0o 01#6..i .*V901 .49043 .6uor b60") I6v1V

?2,04.0000 .)3v4 *4J' .40 .%111 .. wufl bO/Jb .%. .6u .24ft

3500.41000 .34 .194. .*)so1 .4664* .0".00 %If9) f.e1 .1o ,IJ

C-1t



NSWC TR 78-143

PCFLOS (A,H) TABLE C31 SPRING LOCATION M
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H,

HEIGHT H 10 D~t. 2p (Jt6 30 u~b 40 Lib, '30 ot6 bU UEG t0 uEb ou Vc.Ii 90 utof
(METE RS)

JOU.0000 .9114b .,0848 .98!,0 .96%? vdt) - .91153 .9814 V6154, .9654

0Oo.U400 .9701 .9712 .9?, .9127 v97Jl V132 .473Z .97.ie .91013

300.016100 .93#45 .17 .9435 .940bz .94617 .
4
466 .9444 .4( 94(

boo.vo00 .736 F .599 ./745 .7842 .1933 .1943 . 6005 . 1 ."V013

1000. V40O .4i43 .463V .ýe?4 .,3b72z .6 .,>too .is3 ."a?& 51

IsuID.0000 *34SJ .-4'S6 .4611 *4V51 .,.)61 *eS9 *sie4 .1531Z *.u~9

Z000.4000O .343,e .4111 .4*573 .6973 *129 .42 P4 .*sev .,234e .ý.is9

Zj00.uu00 .336b .4081 ., .,bag? .53,0, Sec03 .,jebv t531o sjjb(

3',09.vooo .:334 *4?8 .4.46 1 .?0 .4-1114 Set9? *%r t%.5( .juh tsj7b

TABLE C32 SUMMER
PROBABILITY OF CLOUDO-FREE LINESF-OFIGHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGH1THN 30 L4(1 20 DEGC 30 L~b 40 146L too UtG bU uL(, to uL(. MI. ) 0 Itb
(METERS)

100...t;OO .941111 v"5I .9S0
7  

v95lj .45311 v51 .9j .149 .

700u.u000 .90813 .30 VI25 .40 .9353s .95 935 .15 9

300.UOOO .11373 .114*3 *"84' 153 .%4 .."ose. .01)60 .we

60.00V00 .5k46 .2503 .so)u'I .SV8 .6094s .6Iif .11I3b .016V .61111

2500o.uouo eo110 jJ~3 .ell .*418 .03b"~ 10bI *.. .su .

HEIGHT~f .064 33(6 21 3( Joa O~. 4 JI 0Ot 10 16 tiJt. .0 .)of 9 uL.%l

TABLE C33WITE

20.O6 92 99?0 .99a? .9029 .9930 .9930 .99s@ *v199 .V93(t

300.0000 *9?oj .9721 .401? .91462 *9 Y.4 .91s0 v9itz .9153 V9to3

0O0.Voof .6666 .4976 *7I?0 .7331 *?4d? *?4 .746. i1j .12<73o, 0 bi

1000.000e .34*3 .4304 .452o 466S6 Solv Slt ly .53.1 *5. 220 Sdb51

1500.II0@0 .1091 .3133 .*I?* .*big *4140 41 .60j7 w49vi p494/

?@0O.V@08 geopi .0,04 *.1141 .*b524 **1j5 .403?~ .0691 *9t 44

ik0o.90009 .09*9 .393 .*ISO. .0516 Pe17I .4404f .44609 .4931 *495

3500v ~ iOS695 *J41 .4. .40b, *.73el .##*IS d.* a47 44

C-12
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PCFLCS (A,H) TABLE C37 SPR:NG LOCATION P
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, i-.OM THF S WRFACE TO GIVEN HEIGHT H.

miOikT t0 DEG* 20 DEG 30 DES 40 DEG 60 0(G 60 0EG 70 DEG So 0EG 90 0E6

(METERS)

so.0000 .9410 .9423, .9429 .9435 .94*1 .9441 .9*41 .9441 .94*1

100.0000 .9375 .9389 .9396 *9403 .9410 .9*10 .910 .9411 .9011

200.0000 .8761 .0797 .6017 08836 .885s .8853 .88S4 ba8ss .8o55

300.6000 .7973 .60o? .0091 .8128 .8157 .6163 .8167 .0170 .*171

600.0000 .4422 .4016 .5069 .5257 .5380 .5429 .5457 .5480 .5.1

1000.0080 .3084 .3611 .3952 04200 .4361 .4027 .4465 .4496 .4bil

1500.0000 .2990 .3524 .3472 .4125 .4289 .4356 .4396 .4427 .4*43

2008.0060 .2970 .3505 .3854 ,4109 .4273 ,4341 ,4340 .4412 .4428

2sOe.00o0 .2940 .3470 .3828 .40os .4249 .431? ý4357 .4388 .4e0*

3500.0000 .2896 .3**5 .3000 .4061 .4220 .4297 .433? .4369 .4308

TABLE C38 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

"I•169T iO0E( 20 DEG 30 DEG 40 DEG SO DE6 60 DEG 70 0(G 80 DEG 90 046

50.0000 .919? .9214 .9222 .9231 .9239 .9239 .9239 .9239 .9239

100.0000 .9100 .9119 .9129 .9138' .9148 .9148 .9148 .9140 .91*8

200.0000 07'49 ,a009 .0041 .8000 .6095 .8090 .8100 *i101 .8102

306.0000 .671* .6026 .6609 .694S .6990 .6990 .7003 07006 .?006

600.0000 .3116 .3455 .3660 .302? .3944 .3977 .4000 .4015 .*021

1000.0000 V19S0 .2366 .4622 .2027 .296? .3010 .3039 .30bG .3066

1500.S000 .1821 .2246 *2500 .2717 .2860 .2904 .2933 .2952 .2V6

2O00.0000 .1006 .223* .2*97 .2707 .205O .2895 .2924 .294* .2v52

2S0O.06tO .1705 .2215 .2490" .2b92 .2835 .2860 .2910 .2930 .2938

,350.@#00 .1760 .2195 .2463 .261? .2021 .2067 .2897 .2917 .29e6

TABLE C39 WINTER-
PROBABILITY OF CLOUD-FREE LINES-OF41GHT. FROM THE SURFACE TO GIVEN HEIGHT H.

HEIO9 10 0s 16 ?200(0 300(6 4 D0EG SO D(e 60 0EG. i0 0te so DEG 90 u(0

50008 .1i| .09524* .1529 O9534 .V539 69539 .*S39 .9539 .9%39

.00,100o .9467 .94*9 .V*6s .9*91 .9*949 .9*9? .9*97 .9497 .9*19

200.0000 .'S3 o1.794 .610 .08030 .8055 08a50 .4459. o .01 .°861

300.0000 .7085 .1949 .1990" .8040 .08012 .08079 .0004 .*007 .8009

600.0000 .3802 .4331 .443i .4,34 .4913 .5030 .5065 .50ovi S*4*

1006.0080 .2843 .3412 .3770 .4050 .4222 .4295 .. 4339 .%313 .1490

1500OOOO0 .2799. .3371 .3741 .4014 .4101 .4241 .4304 .6316 .4jb6

2000.0000 2791 .3364 .0734 .4007 .00lo o2*S .4296 .43J2 .4350

2500.0000 .2743 .3331 .3700 .3902 .435% .42Z9 .,?13 .4307 04 je.

35000800 .269 .32509 , .J26? .3V03 .4010 .4153 '*v91 .4e2j .4263.

C-14



NSWC TR 78-143

PCFLOS (A,H) TABLE C40 SPRING LOCATION T
PROBABILITY OF CLOUD-FREE L'NES-OF4IGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG 20 DEG 30 DEG 40 DEG so DEG 60 DEG 70 DEG 80 DEK 90 DEG

(METERS)

SO.0000 .9938 .9942 .9944 .9946 .9948 .9948 .9949 .ggk9 .9•4

100.0000 .993a .9942 .9944 .9946 .9948 .9948 .9949 .9949 .9949

260.0000 .9097 .9903 .9907 .9911 .9913 .9914 .9914 .9915 .9915

300.0000 .983S .9849 .9856 .9861 .9865 . .9866 .9868 .9668i g98b

600.0000 .8919 .9047 .9137 .9197 .9233 .9253 .9264 .9274 .907

1000.0000 .6921 .7399 .7760 .7969 .809s .8173' .8218 8ab3 .8265

1500.0000 .6399 .6965 .7397 .7642 .7791 .7084 .7938 .7979 .7993

2000.0000 *630T .6886 '1327 .7578 .7731 .7826 .7881 .7923 .7937

2S00.0000 .6272 .6853 .729S .7547 .7700 .7795 .7851 .7893 .790?

3500.0000 .6236 .6829 .7272 .7534 .7687 .7783 .7839 .7801 .7905

TABLE C41 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG 20 DEG 30 DEG 40 LIES 50 DEG 60 DEG 70 DEG 80 DEC 90 bEG

(METERS)

50.0000 .9s92 .9662 .9715 .9745 .9762 .9773 .9779 .9704 .9788

100.0000 .9592 .9662 .v715 .9745 .9762 .9773 .9779 .9784 .9788

200.0000 .9584 .9655 .9700 .9738 .9755 .9767 .9772 .9777 .9782

300.0000 .9532 .9609 .9666 .9699 .9718 .9730 *9736 .9742 .. 9746

600.0000 .08053 .8354 .8576 .8709 .0876 s8835 .8861 .8804 .8094

1000.0000 .6742 .7309 .7751 .7988 .08129 .8226 .8280 .8322 .8337

1500.0000 .6710 .7283 .7730 .7969 .8111 .8209 .8264 .8306 S8J22

120"00.0000 .6702 .7277 .7724 .796* .8106 .8205 .8259 08302 o8J17

2500.0000 .6699 .7274 .7722 .796 .8104 .8202 .8257 .8300 .8315

3500,0000 . .6554 67148 .7606 .705 .8004 .8105, .0161 .8205 .8225

TABLE 42 WINTER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM HE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG 20 DEG' 30 DEG 40 OE 50 DEG 60 DEG 70 DEG 80 DES 98 UtG.

(METERS)

S.00000 1.0000 1.0000 1.0000 1.000 1.0000 1.0000 1.0000 1.6000 1.0009

100-.0000 1.0000 1.0000 1.0000 1.000 1.0000 1.0000 1.0000 1.0000 1.0000

200.0000 .9996 .9997 .9997 .999 .90 .9998 .9998 .9999 .9998

300.0000 .9996 .9997 .9997 6999 .9998 .9998 .9990 v99e8 .9990

600.0000 .9610 .9666 .v707 .9732 .97480 .7Sb .9760 .97bs .V166

1000.0000 .6900 .7390 .7748 .7967 .8098 .8175 .8219 .8255 Mie69

1500.0000 .S933 .6573 .041 .7327 7*798 .7598 .1655 .7702 .7121

2000.0000 .5778 .6440 .69Z3 .7219 .7396 .7500 .75bb .7607 .7626

2500.0000 .5738 . *6403 .6889 .7186 .7363 *7464 .7527 I .75 to. b

3500.0000 .5717 .6389 .6074 .7179 .7356 .. 761 .7549 .7sb6 .7s9b

-C 15 ,
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PCFLOS (A,H) TABLE C43 SPRING LOCATION V
PROBABILITY OF CLOU•i-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG 20 D(6 30 DEG 40 0EG 50 DEG 60 DEG 70 DEG s0 DEG 90 0(6
(METERS)

50.0000 .9818 ,9822 .9024 .9826 .9828 .9828 .9028 .9828 V#028

100.0000 .9818 .9822 .9824 *9026 .9528 .9828 ' .9020 .9028 .9620

200.0000 .9640 .9651 .9658 .9663 .9668 .9669 .9669 .9669 .9670

300.0000 .9006 .90S5 .9086 .9110 *9129 '.9134 .9137 .9139 .9140

600.u000 .6946 .7171 .7318 .7425 .7499 .7526 .7541 .755 .7562

1000.0000 .4068 .462S .5003 .5263 .5429 5503 .5S45 .5562 b6599

1500.0000 .3789 .4374 .4770 .5004 .5218 5296 .6340 .5360 5J97

2000.0000 .3770 .4358 .4756 oS030 .5204 .5283 .5327 5367 .5384

2500.0000 .3735 .4326 .4725 *5001 5176 .5256 .5300 .5340 5JS7

3500.0000 .3594 .4203 *4613 .4899 .5079 .5160 *5206 .5247 .5267

TABLE C44 SUMMER
PROBABILITY OF CLOUD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT H 10 DEG 20 DEG 30 DEG 40 0EG 50 DEG 60 DEG 70 DEG 80 DEG 90 DEG
(METERS)

S0.0000 .9650 .98S3 .9854 .9856 *9057 .9857 .9057 .9057 .987S

100.0000 .9826 .9832 .9834 .9835 .9837 .9637 , .9037 .9037 .9837

200.0000 .9735 .97145 .9751 .9755 .9759 .9760 .9160 ,v761 .9761

300.0000 .9457 W9,;83 .9499 .9512 .9521 -9523 .9525 .9526 .952?

600.0000 .7700 *7909 *00s3 .081 .8200 .08236 .0250 .0264 .8270

1000.0000 .5218 *5786 .6195 .6446 .6600 .6685 .67a9 *6770 .678S

1500.0000 .5123 .5707 .6127 .6384 *6543 .6630 .6675 .6717 .6732

2000.0000 .50d1 .5668 .6091 .6350 *6509 .6596 .6642 .6684 .6700

2500.0000 SO47 .5637 -6061 .6321 .6481 .6569 .6615 .6657 .6673

3500.0000 .4013 .5480 .5914, .618S .6349 .6439 .6486 .6529 .6649

TABLE C45 WINTER
PROBABILITY OF CL UD-FREE LINES-OF-SIGHT, FROM THE SURFACE TO GIVEN HEIGHT H.

HEIGHT'H 10 0G 20 DEG JO 0(G 40 DEG 50 DEG 60 016 ?0 DEG 80 D(G 90 DEG
(METERS)

SO.0000 1.0010 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

100.0000 .9992 .9992 .9992 .9492 .9992 .9992 .9992 .9992 .9v92

200.0000 .99 a .9961 .9963 .9964 .9964 .9965 09965 .9965 .9V6S

300.0000 .95 8 .9620 .9640 .9654 .9664 .9668 .9670 .9612 .9673

600.0000 .73 0 .7576 .7758 .7886 .7970 .8007 .8027 .8045 b8us*

1000.0000 .42 3 .4892 .5356 .566* .5065 8 5959 .6007 .6066 .6079

1500.0000 .41 1 .4604 .6277 .5596 .5796 S5a92 .5941 .5991 .6014

2000.0000 '.40 3 .4779 .6254 .5574 .5775 .5871 .5921 .9II .5994

2S00.0000 .40 3 .4760 .W236 .5551 .5758 O SdS4 .5904 .5"q4 .5y?

3500.0000 .3986 .4691 .6171 .5497 SOO .5797 -.5867 .5809 .bvd
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APPENDIX D

GRAPHS FOR LOCATIONS 1, 9, J AND M INCLUDING,

CLOUD BASE HEIGHT STATISTICS, WINTER, SPRING AND SUMMER.

PROBABILITY OF A CLOUD-FREE LINE-OF-SIGHT, TO VARIOUS ALTITUDES.
AS A FUNCTION OF ELEVATION ANGLE. WINTER, SPRING AND SUMMER.

PROBABILITY OF CLOUD-FREE LINE-OF-SIGHT, TO VARIOUS ALTMTUiDES,
COMBINED WITH A SLANT RANGE CURVED EARTH GEOMETRY, SPRING.-

D-1
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X 10 DEGREES
* 30 DEGREES
Y 50 DEGREES
Z 70 DEGREES
0 90 DEGREES

LOCATION 2 SPRING
20- o__ 

_

10

z

44

&0
0-41.0

p.-4

LI'

4. i
0.-

7 0.2

~0__
- 0 350 700 .1050 1400 1750 2100 2450 2800 3150 3500

CLOUD BASE HEIGHT (METtRS) -

FIGURE D-5 PROBABILITY OF CLOUD-FREE LINE-OF-SIGHT TO VARIOUS ALTITUDES, COMBINED
WITH A SLANT RANGE CURVED EARTH GEOMETRY, LOCATION 2. SPRING. (SEE TABLE
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X 10 DEGREES
*30 DEGREES

Y 50 DEGREES
Z 70 DEGREES

20 - 0DGESLOCATION 9 SPRING
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X 10 DEGREES
* 30 DEGREES
Y 50 DEGREES
Z 70 DEGREES
O 90 DEGREES

20- LOCATION J SPRING

20 10-____ __00

,5300

I I 100

0 L

-J08-
us i

us
-J

0
o0.4-

~0.-

0 350 00 1050 1400 1750 2100 2450 2800 3150 3500

CLOUD BASE HEIGHT (METERS)

FIGURE D-15 PROBABILITY OF A CLOUD-FREE LINE-OF-SIGHT, TO VARIOUS ALTITUDES, COMBINED
WITH A SLANT RANGE CURVED EARTH GEOMETRY. LOCATION J SPRING. (SEE TABLE
C-25).
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X 10 DEGREES
* 30 DEGREES
Y 50 DEGREES
Z 70 DEGREESoI 90 DEGREES LOCATION M SPRING

2005
10

l /12 4" . -

300'

4-4

z
t1

=i l / • ..l,+

c 0.6 .

0:0.4 , - __..

0

75 0.2 "

0 350 700 1050 1400 1750 2100 2450 2800 3150 3500

CLOUD BASE HEIGHT (METERS)

FIGURE D-20 PROBABILITY OF A CLOUD-FREE LINE-OF-SIGHT, TO VARIOUS ALTITUDES, COMBINED WITH
A SLANT RANGE CURVED EARTH GEOMETRY, LOCATION M. SPRING. (SEE TABLE C-31).
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by B. Katz, F. DeBold, J. Perez-Esandi, Code R42

DO NOT RETURN THIS FORM' IF ALL INFORMATION IS CURRENT

A. FACILITY H..ME AND ADDRESS (OLD) (Show Zip Code)

4NEW AODRESS (Show Zip Code)

1. ATTENTION LINE AODRESSES:

C.

El REMOVE THIS FACILITY FROM THE DISTRIBUTION LST FOR TECHNICAL REPORTS ON THIS SUBJ.ECT.

H.
NUNSBER OFf COPIES DESIRED '____________________
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